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I. ABSTRACT 


The effect of autocorrelation on the accuracy of a paralleloplped 
classifier of LANDSAT digital data is examined. The autocorrelation 
was assumed to decay to insignificant levels when sampled at distances of 
at least ten pixels. Thus the evaluation Is done using spectral themes 
developed 1) using blocks of adjacent pixels and 2) using groups of pixels 
spaced at least 10 pixels apart. Effects of geometric distortions are 
minimized by using only pixels from the interiors of land cover sections. 

Two land cover classes are considered, ’agriculture' and 'residential*. 

The study is performed in two areas Richmond, Virginia and Denver, Colorado. 

Accuracy is evaluated for three classes; agriculture, residential 
and "nil other"; thus both type I and type II errors are evaluated by 

of 'overall classification accuracy'. All classes give comparable 
results. Accuracy is approximately the same in both techniques. However, 
the variance in accuracy is significantly higher using the themes developed 
from autoeorrelated data. In both areas it is found that the vectors of 
mean spectral response were nearly identical regardless of sampling method 
used. However the estimated variances were much larger when using auto- 
correlated pixels. 

Evaluations were made on five 7^^' quadrangles in the Denver area, 
using nine sections of 21 x 26 pixels each as the test sites for a total 
of 4914 pixels. In Richmond, two quadrangles, using 12 sections of 13 x 16 
pixels each were used, giving for both quadrangles of the Richmond area, 
a total of 4992 pisels. Only uncorrelated (distant) pixels were used 
for testing and only interior pixels were considered in the entire analysis. 
Pixels were included in the training and testing groups in relative 
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proportions closely approximating their occurrence In the population. 

Because evaluation of type II errors Is not performed as frequently 
as evaluation of type I errors these results suggest that the effects of 
autocorrelation may be overlooked. An alternative which is available 
would take advantage of the tradeoff between type I and type II errors. 
For a given level of type II error acceptable the researcher can achieve 
a lower level of type I error using the dispersed sampling method. 
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il. INTRODUCTION 

V 

The National Aeronautics and Space Administration (NASA) is 
presently under contract with the Bureau of Census engaged in an applica- 
tions pilot test (AFT) designed to demonstrate techniques for automated 
mapping of urban land cover classes and to detect expansion of these areas. 
Because the Census Bureau is now charged with performing a census once 
every five years it is necessary to find efficient and cost effective 
means of performing that census. The goal of the APT is to develop a 
means to use LANDSAT imagery to regularly inventory the growth of urban 
areas in the United States. Such imagery is available in digital format 
which lends itself to a computer based classification procedure. Using 
such a method a very rapid and up-to-date classification of urban growth 
could be performed in a most cost effective fashion. If this is to be 
done, a relatively sophisticated digital computer based classification 
technique must be developed. 

The most effective of such schemes which are available are 
based upon statistical theory. Such classification schemes utilise ad- 
vanced maximum likelihood classification (ML) techniques (Swait\ and 
Davis, 1978). The ML procedure relies upon statistical summaries of 
the reflectance characteristics of various land cover classes developed 
in certain areas called training sites. From these training pixels the 
vector of means and the variance-covariance matrix are developed. With these 
developed for each land cover class of interest a discriminant function 
approach is used to determine whether unclassified pixels belong in one 
land cover class or another. 
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Several assumptions are made in deriving the ML e'^uations; a 
very critical assumption is that the vector of means, jk , and the variance- 
covariance matrix, £ , are estimated from N samples which are mutually 
Independent and hence each sample will contribute one degree of freedom 
to the estimate. The estimates of the components of £ , are incorrect 
when the assumption of independence fails. In the simple Markovian 
situation, the direction of deviation depends upon the coefficients of the 
process (Cliff and Ord, 1980). 

Unfortunately, the LANDSAT data are neither Independent nor 
Markovian (Craig, 1976; 1979); they display consistently — in the terminology 
of Box and Jenkins (1970) — and ARIM/,i (1,0,1) structure, although the co- 
efficients vary significantly with location (Craig and Labovltz, 1980). 

Thus the question arises whether the presence of the ARIMA (1,0,1) structure 
will significantly degrade the classification accuracy of a ML approach; 
and if so, what techniques can be developed to remedy this defect. This 
research is an attempt to answer these questions. 

Two areas are chosen for study, Richmond, Virginia and Denver, 
Colorado. For each the degree of autocorrelation is estimated and an algorithm 
developed capable of filtering the data to produce Independent observations. 
Using this a comparison will be made between results of classifications 
on filtered and unflltered Images. A test will be made to determine if 
filtered images result in an improved classification accuracy. 




- 5 - 


III. OBJECTIVES AND PROCEDURES -• 

As a result of this project, the following objectives will have 
been attained. First, estimates of the structure of the ARIMA process will 
be created and the degree of horaogenity of this structure within an image 
will be known. This will be achieved by means of the Box and Jenkins (1970) 
autocorrelation programs used in conjunction with an analysis of variance 
design. The sampling scheme required to produce independent observations 
will be developed and a method of filtering the ARIMA structure will be 
defined . 

Using this method a land cover map will be digitized for use in 
accuracy evaluation of the two procedures being examined. An algorithm to 
select training and testing sites for development of the various classifiers 
being examined will be encoded so that such selection will be as objective 
as possible. This algorithm will make use of the digitized land cover 'map 
mentioned above. To test the results of the classification procedures 
using each of the two training techniques a computer program will be written 
to compute the alpha and beta confidence levels as well as other measures 
of accuracy of evaluation. From these techniques a statement of the importance 
of autocorrelation on classifier accuracy will be developed, so that a decision 
on whether filtering is necessary can be reached. 

To achieve the objectives stated above the following procedures 
will be employed. First, two scenes will be analyi^ed one from Richmond 
and one from Denver and they will be selected and ordered and when installed 
the image quality will be tested. To determine the appropriate method of 
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fllterlng the data to produce independent observations » the structure of the 
autocorrelation will be tested by means of analysis variance procedure. 

The sampling procedure required for that analysis must be established. From 
the image tapes mentioned above scan lines will be subset and for each 
scan line the autocorrelation function (ACF) and partial autocorrelation 
functions (PACE) of the raw data and of the first and second differences 
will be computed. This '-ill be done with programs available on the KSU 
Burroughs Computer. The first 20 values of ACF and PACF will be extracted 
for storage in a disk file. Summaries of the means of the ACF and PACFs will 
be made. For those 20 values of the ACF and PACF samplJjd and stored a 
factor analysis will be performed using the SPSS program available at 
KSU. Significant components will be extracted and used to perform the 
analysis of variance. If so indicated by the analysis of variance partitions 
of the structure of the autocorrelation will be employed to design specific 
sampling schemes as necessary for specific areas. A sampling Interval will 
be determined and an algorithm created to allow filtering of these Images 
to produce independent samples. 

From photo interpreted data supplied by NASA a base map of land 
use classified according to the USGS scheme (Anderson, ^1. , 1976) will be 
produced. These data will be digitized and the data base stored on disk for 
use in later analysis. An algorithm will be implimented to allow choice of 
specific training sites consisting of blocks of adjacent pixels for use 
with the blocked sampling scheme. A second algorithm will be created to 
choose training sites of samples which are spatially independent. Samples 
will be chosen randomly within each of these constraints. Sample sizes is 


to be equal for each of the two techniques. Using these algorithms areas 
will be chosen for testing the results of the two classifiers. Again san^le 
sizes will be equal for each of the two techniques. The ORSER program 
STATS will be used to develop training statistics on each of these two types 
of training pixels. The program PPD will be used to classify the land cover 
areas which are to be tested. This classification will be output to disk 
files for storage and later used in the evaluation procedure. 

A computer program will be implemented which will automatically 
compare the classified image with the ground truth as digitized. From this 
comparison estimates of type I and type II error statistics will be computed. 
An analysis of the error statistics will be performed to test the null- 
hypothesis that there is no significant difference between the results ob- 
tained using the blocked and diffuse sampling procedures. The specific 
alternative to be considered is that the diffuse sampled image produces 
results significantly improved over the blocked sampling procedure. Con- 
fidence limits for this test is to be 75%. Probabilities of exceedence 
will be reported. 

These methods mentioned above are designed to minimize the effects 
of errors and personnel bias in evaluating the influence of autocorrelation. 
These steps will detect any inhomogeneity in the structure of the auto- 
correlation so that the generality of the results will be assured. They 
are designed to produce independent observations required to test the basic 
question by comparison to the original autocorrelated data. They assure a 
rigorous unbiased test of the two approaches. The design is Intended to 


detect significant (effects due to the autocorrelation structure^ due to 
differences in regions and due to subtle Interactions of type I and type 
11 variations. 




IV. RESULTS 


A. Phase I. Richmond and Denver 

1. Regions Chosen and Images Used 

For phase I of this analysis two sites were chosen to be studied. 

The first is Richmond » Virginia and the second is Denver, Colorado. These 
sites were chosen as appropriate for the purpose of evaluation for the census 
APT. They are both areas of rapid population growth that can be expected to 
be recognized through expansion of the boundaries of the city itself. They 
are at present surrounded by areas of very low density population, mostly 
farm lands and/or range lands. Thus growth of these cities can be expected 
to be identified as a modification of the land cover classes from a lov 
density agricultural or range land type to that of a residential, low or 
high density, type. Both of these sites are also appropriate in that growth 
in these areas has been occurring for the past decade and therefore it can 
be anticipated that growth will be reflected in LANDSAT imagery which is 
available. Because of the relatively low cloud cover in both areas a 
great number of LANDSAT images are available for both of these. It is also 
the case that aerial photography coverage is available in relative abundance 
for both the sites. The two sites were chosen to represent distinct terrains 
in the United States since terrain has been demonstrated to be an important 
influence upon the autocorrelation of LANDSAT data. Furthermore both of 
these sites have already been chosen as members of a group of regions studied 
in the overall census APT at NASA. The images chosen for this study are: 
for Richmond (figure 1) an image of November 3, 1978, image number 30243-15093, 
for Denver (figure 2) an image of September 28, 1978 with image number 
30209-17032. Because of the experimental nature of this Investigation it 


Figure 1. LANDSAT image of November 3, 1978, image number 
30243-*13093 used for the accuracy analysis of 
the Richmond area. 
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Figure 2. LANDSAT Image of September 28, 1978, Image 
number 30209-17032 used for the accuracy 
analysis of the Denver area. 
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was assumed that a single image from each site would be sufficient to test 
the effects of autocorrelation and document the extent to which it exists. 
These images were chosen because they demonstrated the image quality of nine, 
highest available, and both had cloud cover of 0%, the least amount, of 
course . Pre^fiously cloud cover had been shown to be an important Influence 
on the degree of autocorrelation (Craig and Labovltz, 1980). It was desirable 
in this case to keep that Influence to a minimum so that the autocorrelation 
could be assumed to be essentially constant from region to region. Both of 
these represent very recent Images taken from the LANDSAT 3 satellite. The 
dates are such that they closely correspond to the dates for which aerial 
photographs were obtained for each site and therefore can be expected to 
closely correspond to the ground truth data derived from those aerial photo- 
graphs. Photo identification numbers for those aerials photographs are 
for Denver 148-93 and 148-94 taken October 15, 1978. 

Within each image particular areas were chosen for emphasis in the 
study. In the Richmond area two distinct quadrangle areas were chosen. 
These are the Seven Pines quadrangle and the Chesterfield quadrangle. For 
the Denver area the Fitzsimmons quadrangle was used. These quadrangles 
Were chosen because they are near their respective cities and at points where 
the city has been growing and has demonstrated growth during the time at which 
the images were taken. They also have the advantage that water is present in 
sufficient quantities in each of these quadrangles to facilitate the loca- 
tion of the respective sample sites and to insure the geometric correction 
of the imagery was done properly. The standard USGS Ih' quadrangles were 
used to define the sample sites because they are available for each of t , 
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and, with the overlay of forest cover, urban areas and water class available, 
facilitate the location of points In each site. 

Within each quadrangle a grid is used to define the exact sites 
at which samples would be taken for the accuracy evaluation. A grid was used 
to define the sample sites in order to ensure that they would be selected 
randomly, that is Independent of any preconceived notions of land cover 
class importance, degree of autocorrelation or accuracy of classification. 
Grids were defined to be large enough so that a number of samples might be 
obtained for each evaluation technique from each grid chosen. They were 
large enough so that samples could be collected in an efficient manner but 
so that wasteful collection of samples ''ould be avoided. The grids were laid 
out on a square net in such a way to ensure that all land cover classes would 
have an equal probability of selection within the sample set. This was 
important in order to avoid bias in the evaluation of the accuracy of 
classification techniques. Each grid r~s large enough to ensure that enough 
pixels could be obtained for both evaluation techniques, BLOCKED and DIFFUSE. 
They also had to be large enough so that samples could be taken without 
needing to include border line pixels which could confuse the accuracy 
evaluation procedure. The location of the quadrangles relevant to the 
two areas, Richmond and Denver, are shown in figure 3. The locations of 
the specific grids chosen within eacu quadrangle are outlined in figure 4. 





Figure 3a. Locations of quadrangles chosen for the phase 1 analysis 
relative to Denver. Note, the phase II quadrangles are 
also shown. 
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Figure 3b. Locations of quadrangles chosen for the phase I analysis 
relative to Richmond. 
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Figure 4, Locations of grids within the quadrangle 

studied. Photo-interpreted data were pro- 
vided for each of these grids, (a) Chester 
field, Virginia, (b) Seven Pines, Virginia, 
(c) Fitzsimmons, Colorado. 
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2, Preliminary Checks ‘ 

To ensure that there are no blatant errors in the computer compatible 
tapes obtained for each of these Images a preliminary test of the quality of 
the imagery was performed. This test consisted of subsetting a number of 
scan lines from each image and subjecting them to basic statistical analyses. 
Eight scan lines were subset from each of the two images. Their coordinates 
are shown in table 1. For each of these scan lines a plot of the gray scale 
level data for each of the four channels was constructed. An example of 
such a plot is shown in figure 5. Also computed for each of these were 
histograms (see figure 6) and the basic statistics as shown in table 2. These 
were examined for any great variations in the characteristics of the scan 
lines. Also done was a simple linear regression of these values versus 
element number within the scan lines. Results of one of these regressions 
are also shown in table 2. No errors were detected in any of the scan lines 
using these procedures and it was assumed that no errors in the Imagery were 
present which would definitely effect results of this examination. 

Because it was necessary to subset individual scan lines in order to 
perform the analysis of variance — to be described next — the preliminary test 
of scan lines had the advantage that it allowed us to determine that our 
modifications of the ORSER program SUBSET had been done correctly. These 
modifications allowed us to subset an individual scan line and output it to 
a disk file on the Burroughs system at KSU. These were then used as input 
to the various standard statistical programs for the analyses reported. 
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TABLE 1, Scan lines examined in preliminary error check. 


Track Scan Line 


Scan Line 


Denver 1 1023 

2 1392 

3 1863 

4 0159 


2302 

0400 

0650 

2260 


1 1314 1403 

2 2243 0262 

3 1769 1205 

4 0566 0289 


Richmond 



Figure 5. Example of plots of certain scan lines from each of the 
Images used to check Image quality. 
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TABLE 2. An example of the statistics obtained for IS^scan 
lines for the test of image quality 


mean 

13.37 

standard 

deviation 2.17 

mode 

12.00 

median 

12.36 

skewness 

1.25 

kurtosis 

1.44 

standard 

error 0.08 

variance 

4.70 

minimum 

10.00 

maximum 

25.00 

range 

15.00 

sum 

10589.00 

N 

792 


Results of Regression of Gray Scale Level (Dependent) Versus Sequence Number 

R^ = 0.056 

F = 46.63 

St. Er. = 0.00033 

Lower 95% limit on = 0.00159 

Adjusted R^ * 0.055 

Sign F = 0.00000 

Upper 95% limit on “ 0.00288 
Standard error = 2.109 
» 0.00224 
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3. Test of Autocorrelation Structure 

The underlying objective of this research is to determine the 
effects of the presence of autocorrelation on classification accuracy. To 
do this it is necessary to compare the results of classifiers when the 
autocorrelation structure is present and when it is absent. Therefore it 
will be necessary to be able to remove the autocorrelation structure from 
the image so that the image with it removed can be compared to the image 
with it present. Thus it will be necessary to define specifically the exact 
characteristics of the autocorrelation structure. This is only possible 
if we can be confident that that autocorrelation structure is itself con- 
stant within any given area. Previous work by Craig and Labovitz (1980) 
has shown that there are significant sources of variation in the auto- 
correlations structure. For Instance, it has been shown that the auto- 
correlation structure varies significantly from one location to another 
in the United States. In particular that structure is significantly 
different between Denver and Richmond. This has been interpreted to 
mean that there is some location effect on autocorrelation. The nature 
of this location effect is not definite. Some possible sources of the 
variability of autocorrelation structure have been defined and tested by 
Craig and Labovitz (1980) and by Craig (1981) . At present it is believed 
that the location effect is in fact an effect due to differences of terrain 
from one area to another (Craig, 1981; 1982). It is therefore desirable 
to show that within the areas of interest in this study the autocorrelation 
structure does not vary significantly. We will test for the presence of 
this autocorrelation structure and for variability within the Images by 
means of an analysis of variance design. 
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The design is set up to check for variations within the image 
as a function of location and as a function of the -particular channel being 
sensed. Ti.it location is studied as two separate factors. The first is 
'tracks' which are defined as a four-part partition of the image vertically. 

The second major factor of location is 'area' which is defined as a five-part 
partition within the various tracks. All four channels are examined in this 
study. For each combination of track, area and channel within a given site, 
Richmond and Denver, two replicates were chosen. Therefore with five areas 
within each of four tracks and each having four channels and two replicates 
a total of 160 scan lines had to be examined for each image making a total 
of 320 for both sites. 

The procedures used in this analysis was first to subset the 320 
scan lines needed. The scan lines were chosen within each of these pre-defined 
regions at random to fall within plus or minus 100 scan lines of a center 
scan line. The locations of the scan lines chosen are shown in figure 7. 

The randomness of this selection procedure was tested by examining the auto- 
correlation function of the selection values. No departures from randomness 
could be demonstrated . The exact coordinates . of the scan lines used are 
reported in table 3. From each of these scan lines the standard programs 
of Box and Jenkins (1970) were used to calculate the autocorrelation function 
and the partial autocorrelation function to lag 10. Each of these values 
was output to a disk file for further analysis. This was done by means of 
minor modifications of the Box and Jenkins programs at Kent State University. 
Improvements were also made in the plotting routines. Summary plots of the 
mean ACF and PACF values are shown in figure 8. The data themselves are pre- 
sented in Appendix B. 
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PIEDMON 

PRO 


SAMPLE LIMITS 
CENTER SCAN LINE 


Figure 7a. Locationsof scan lines chosen for the analysis of variance 
for the Richmond area. Physiographic regions of the area 
are shown for reference. 
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SAMPLE LIMITS 

CENTER SCAN LINE 


Figure 7b. Locations of scan lines chosen for the analysis of variance 
for the Denver area. Physiographic regions of the area are 
shown for reference. 
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Table 3^ '^Scan lines subset for ANOVA design, 
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base scan lines — 

200 700 1200 1700 2200 

REPLICATE REPLICATE REPLICATE REPLICATE REPLICATE 
12 12121212 


DENVER 



1 

188 

146 

729 

735 

il34 

1127 

1681 

1734 

2183 

2134 



138 

139 

682 

648 

1111 

1208 

1632 

17 78 

2132 

2268 



182 

216 

650 

677 

1113 

1271 

1764 

1601 

225 7 

2i68 



191 

250 

699 

626 

1282 

1184 

1782 

1708 

2269 

2103 


2 

172 

125 

611 

653 

1224 

1221 

1750 

1749 

2202 

2219 

T 


109 

113 

757 

617 

1110 

1232 

1760 

1628 

2117 

2210 

R 


138 

235 

691 

665 

1112 

1117 

1743 

1645 

2250 

210 7 

A 


117 

277 

740 

615 

1200 

1256 

1718 

1718 

2139 

2274 

K 

3 

157 

136 

627 

635 

1110 

1259 

1689 

1705 

225 7 

2268 



124 

185 

603 

793 

1224 

U14 

1760 

1702 

2227 

2290 



240 

165 

643 

776 

1200 

1166 

1753 

1718 

2168 

2144 



241 

109 

719 

717 

1238 


1770 

1639 

2289 

2144 


4 

105 

172 

605 

783 

1276 


i'717 

16 55 

2 240 

2142 



280 

107 

685 

743 

1278 

1228 

1606 

1621 

2295 

2169 



172 

163 

764 

772 

1201 

1209 

1793 

1794 

2298 

2135 



262 

151 

524 

637 

1275 

1243 

162 8 

1733 

2128 

*2 2 33 


RICHMOND 



1 

269 

239 

715 

736 

1253 

1136 

16 39 

1 752 

2105 

2167 



26 3 

142 

723 

615 

1235 

1257 

1759 

1787 

2171 

2273 



291 

114 

790 

663 

1200 

1235 

1672 

1727 

2276 

2125 



224 

268 

633 

703 

1235 

1114 

1645 

1690 

2214 

2254 


2 

289 

206 

62 7 

714 

1214 

1235 

1682 

1731 

2247 

2113 

T 


207 

197 

684 

754 

1257 

1150 

1746 

1785 

2182 

2162 

R 


291 

261 

663 

645 

1 140 

1217 

1663 

1716 

2203 

2116 

A 

p 


232 

114 

651 

716 

1224 

1245 

1643 

1761 

2210 

2119 

W 

K 

3 

268 

107 

719 

722 

1253 

1256 

1635 

1602 

2248 

2216 



273 

278 

797 

654 

1266 

1104 

1778 

1704 

2271 

2290 



114 

209 

650 

780 

12 37 

1217 

1681 

1721 

2112 

2157 



179 

100 

730 

612 

1139 

115 2 

1718 

1660 

2156 

2221 


4 

123 

233 

617 

750 

1175 

1246 

1702 

173 3 

2161 

2293 



105 

205 

708 

660 

1122 

1157 

1697 

1740 

2248 

2192 



133 

226 

684 

794 

1195 

1258 

1738 

1779 

2146 

2161 



195 

111 

669 

681 

1220 

1137 

1669 

1729 

2 260 

2157 
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LAG NUMBER 

FiRure 8, Mean autocorrelation function (a) of the 320 scan 
lines subset for the analysis of variance. 


32b- 


ORIGIMAL PAGE IS 
OF POOR QUALITY 



cl<q:i-~<_j oi-oooq:o:uj-J<»— oz 


Figure 8. Mean partial autocorrelation function (b) of the 

320 scan lines subset for the analysis of variance. 



- 33 - 


For ACF(l-lO) amd PACF(2-10) principal components w^re computed 
using the straight method, PA(1), of the SPSS routine FANAL. The value 
for PACF(l) is the same as ACF(l) so it was not repeated in order to avoid 
a singular matrix during factor computation. Figure 9 shows a plot of 
cumulative variance explained by each eigenvalue. From figure 9 it can 
be seen that the three largest eigenvalues explain 70% of the variance of 
the data. The first eigenvalue is clearly significant. Factor loadings 
are reproduced in table A for the first three eigenvalues. These values 
mirror the pattern reported by Craig and Labovitz (1980). Component one 
characterizes the ACF terms, the PACF terms split over the remaining components. 
Using the factor score coefficients, table 5, component scores were computed 
for each of the 320 observed ACF and PACF sets using the three largest eigen- 
vectors. These were then stored in a disk file. 

It was determined that only three factors would be examined in the 
following analysis of variance to study the effect of location. That analysis 
of variance was done using another SPSS package at Kent State University. 

The results of that analysis of variance on the principal components as 
computed from the factor scores reported in table 5 above is reported in 
table 6. These factors were examined at a distributed 5% significance level 
in light of the fact that a total of 21 — assumed to be independent — tests 
were actually made. As can be seen, the majority of the possible sources of 
variation were not found to be significant. Factor 1 shows four different 
sources of variability Inflxiencing its behavior significantly. Factor 2 
does show a single source of variation similar to one of those shown for 
factor 1. Factor 3 shows no significant sources of variation as was the 
case in an earlier study done by Craig and Labovitz (1980) . No channel 
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Figure 9. Cuniulatlve variance explained by the factors computed 
for the ACF and PACF of the 320 scan lines prior to 
analysis of variance. 
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Table 4. Factor loadings and communal it ies for the first three 
factors computed for the ACF and PACF's 320 scan 
lines. 


ACF AND P\CF FACTOR MATRIX USING PRINCIPAL FACTOR 


Variable Factor 1 Factor 2 Factor 3 Communal it y 


ACFl 

0.84214 

-0.41615 

-0.23950 

0.93973 

ACF2 

0.91631 

-0.28091 

-0.16819 

0.94682 

ACF3 

0.95732 

-0.18747 

-0.11181 

0.96410 

ACF4 

0.97785 

-0.11041 

-0.08480 

0.97558 

ACF5 

0.98739 

-0.06446 

-0.02203 

0.97957 

ACF6 

0.99086 

-0.02549 

0.02835 

0.98326 

ACF7 

0.99234 

0.02357 

0.05280 

0.98809 

ACF8 

0.99017 

0.08150 

0.05658 

0.99028 

ACF9 

0.98680 

0.09279 

0.08653 

0.98986 

ACF 10 

0.97965 

0.10837 

0.10522 

0.98254 

PACF2 

0.20099 

0.62445 

0.35006 

0.55258 

PACF3 

0.45816 

-0.14850 

-0.02190 

0.23244 

PACF4 

0.41278 

0.56053 

-0.02841 

0.48539 

PACF5 

0.26935 

-0.09238 

0.73928 

0.62761 

PACF6 

0.33901 

0.34449 

0.04046 

0.23523 

PACF7 

0.36541 

0.36713 

-0.07588 

0.27407 

PACF8 

0.25526 

0.50739 

-0.10050 

0.33270 

PACF9 

0.18827 

-0.26647 

0.67266 

0.55893 

PACFIO 

0.28980 

0.30404 

-0.31801 

0.27755 
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TABLE 5. Matrix of factor score coefficients for the 
same three factors listed in Table 4. 


FACTOR SCORE COEFFICIENTS 


Variable 

Factor 1 

Factor 2 

Factor 3 

ACFl 

0.18559 

-0.20749 

-0.13002 

ACF2 

0.15757 

-0.12817 

-0.08866 

ACF3 

0.13649 

-0.07328 

-0.05510 

ACF4 

0.12206 

-0.02972 

-0.04154 

ACF5 

0.10485 

-0.00086 

-0.00002 

ACF6 

0.09184 

0.02327 

0.03310 

ACF7 

0.07953 

0.05105 

0.04681 

ACF8 

0.06741 

0.08212 

0.04497 

ACF9 

0.06154 

0.08993 

0.06553 

ACFIO 

0.05573 

0.09918 

0.07763 

PACF2 

-0.14453 

0.36256 

0.20436 

PACF3 

0.07349 

-0.06440 

0.00090 

PACF4 

-0.07065 

0.31173 

-0.05977 

PACF5 

-0.03921 

0.00757 

0.54036 

PACF6 

-0.04210 

0.15831 

0.00573 

PACF7 

-0.03129 

0.20387 

-0.07919 

PACF8 

-0.06640 

0.27320 

-0.10903 

PACF9 

-0.00462 

-0.09241 

0.50533 

PACFIO 

0.00122 

0.15205 

-0.24872 
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TABLE 6. Analysis of Variance table for the ACF’s and the 

pace's of the 0 scan lines transformed by the first 
three factor score coefficients. Values reported 
are the probability of exceeding the observed 
F-ratio %»hen the null hypothesis is correct. 


Dependent Variable 


Source 

Error Term 

D.F. 

Factor 1 

Factor 2 

Factor 3 

1. 

Mean 

Location 

1 

1.0000 

1.0000 

1.0000 

2. 

Location 


1 




3. 

Channel 

LC 

3 

0.3148 

0.2964 

0.0367 

4. 

T(L) 

TA(L) 

6 

0.0000* 

0.0832 

0.3537 

5. 

A(L) 

TA(L) 

8 

0.2112 

0.0533 

0.0719 

6. 

LC 


3 




7. 

TC(L) 

TCA(L) 

18 

0.0002* 

0.1795 

0.0025 

8. 

TA(L) 

R(LTCA) 

24 

0.0000* 

0.0000* 

0.0053 

9. 

CA(L) 

TCA(L) 

24 

0.0109 

0.7991 

0.3905 

10. 

TCA(L) 

R(LTCA) 

72 

0.0007* 

0.0071 

0.5480 

11. 

R(LTCA) 


160 





Significant at the (distributed) 5% level computed as: final 5% alpha level/ 

21 tests implies .00238 probability for each test. 
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effect; £er ^ Is seen in either or these factors. The track by area influence 
is shown to be the most important one present. Examination of figures 3 and 
A for the Denver and Richmond areas shows how this influence may arise. In 
particular it can be seen that the image itself covers two totally distinct 
physiographic regions. As can be seen also the fifth area in track two goes 
into the second physiographic region and therefore it can be anticipated that 
if terrain is the signlcant influence on these values the track effect will be 
significant, the area effect will be significant and the track-by-area inter- 
action will be significant. All of these are seen in the analysis of variance. 

And therefore because the exact area to be examined in this study is entirely 
included within a single physiographic region all of the scan lines to be examined 
are assumed to have a constant autocorrelation structure and therefore it is 
appropriate to keep the sampling technique Identical for all regions studied 
in both Denver and Richmond. 

The sampling technique chosen was to obtain samples for the ’diffuse' 
technique at intervals separated by at least 9 pixels. This was following the 
suggestion made by Craig (1979) that such a sampling technique would yield 
independent pixels for examination of problems such as classifier accuracy 
evaluation. Thus the criterion used in finding the exact samples to be used 
for obtaining training and testing pixels for the diffuse technique was to 
have samples separated by at least nine pixels from any other sample used in 
the analysis. Using this method we can be fairly confident that each sample 
represents a distinct estimate of the characteristics of the land cover class. 

In this waj' each sample will contribute a full degree of freedom to the over- 
all estimate of classifier accuracy. 
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A. Source of Photo-Interpreted Data 

The photo interpretated data were made available by D. Toll of 
NASA's Goddard Space Flight Center on a transparent overlay for each quad- 
rangle studied (see Appendix C.D. Within each quadrangle nine or twelve 
sites were chosen In which to study the classifier accuracy. Areas for 
study were chosen to uniformly cover each quadrangle on a grid dimensioned 
three columns by four rows In the case of Richmond and three columns by three 
rows In the case of Denver. The actual arrangement Is shown In figure 10. 

To construct a data set for the accuracy test, a grided overlay 
where each grid point was scaled to the size of the LANDSAT pixel (which 
Itself had been redlmensloned to a 1:24000 scale) was placed upon the trans- 
parent photo^nterpreted land cover overlay. A symbol representing the 
appropriate land cover class was recorded and later input to a computer 
program for storage. The land cover classes actually considered are listed 
in table 7. A representative land cover test grid for each of the two’ 
regions is presented in figure 11. The entire set of land cover data 
grids used in this analysis is given in Appendix Dil. After the data were 
keyed into this program a printout of the same data was made and it was 
again compared to the photo-interpreted overlay. This was done by producing 
the print out at the same scale as the LANDSAT data so they could be placed 
directly under the overlay and compared to insure that the symbol assigned 
corresponded to the region of land cover that had been defined. Any errors 
recognized at this time were corrected in the computer file, the entire 
grid printed out a second time and again checked against the land cover 
overlay. In this way approximately ten thousand values of land cover class 
were made available for the accuracy assessment. 


Figure 10. Arrangements of grids within the Chesterfield, 
Virgi.iia area. 
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TABLE 7. Land cover classes actually considered in photo- 

interpretation of the ground truth data and syiid}ol8 
used.* 


Land Cover 



Land Cover 


Class 

Symbol 


Class 

Symbol 

Agriculture 

A 

8, 

Low Density 
Residential 

M 

Range 

R 

9. 

Residential 

L 

Forest 

F 

10. 

High Density 


Grassland 

G 


Residential 

H 

Disturbed 

D 

11. 

Commercial 

C 

Barren 

B 

12. 

Transportation 

T 

Riparian 

P 

13. 

Dam 

E 



14. 

Undef ined 

U 


It 

The appended symbol "N" Is used to designate a low biomass Class. For 
example, LN means Residential with little or no surrounding vegetation. 
Similarly a "+" indicates a high biomass class. 
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REGION CHESTERFIELD 

GRID 3 
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Figure 11. A typical grid of land cover class symbols 

obtained by digitizing the photo-interpreted 
data. Chesterfield, Virginia grid number 

3. 
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5. Definition of Two Methods of Developing the Signatures' 

The important question to be analyzed in this study is the 
question of how means of obtaining samples effect the estimate of accuracy 
obtained. Two different kinds of sampling techniques are being examined. 
One is that in which samples are obtained as usual. It Is common to ob- 
tain samples in contiguous blocks since this is the most convenient means 
of obtaining them. A second method, which is argued in this study to be 
the more desirable one, is to obtain samples in such a way that each re- 
presents a totally independent estimate of the characteristics of the land 
cover class being examined. To evaluate the relative desirability of these 
we must design a test which allows us to answer the question: how does the 

means of obtaining samples affect the estimates of accuracy? To do this 
we will use two distinct methods for obtaining samples and evaluate the 
accuracy of classification results when each of these is used in turn; and 
then we will compare those two results. 

In the first we will obtain groups of close contiguous blocks 
of pixels so that all pixels used to estimate a single signature are taken 
from a single very narrowly constrained contiguous group of pixels. In 
the second method we will 'diffusely' sample the land cover class from 
throughout the region where it is available. This we call the 'diffuse' 
sampling technique. Following this method no contiguous pixels will be 
used to estimate the vector of means for the classification. To obtain 
these independent samples they will each be taken from a distance of at 
least ten pixels from any other representive pixels used. Furthermore, 
because we need to estimate the variance-covariance matrix in addition to 
the vector of means it is necessar}' that all samples used to estimate the 
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refliictance charactijrlstics of every land cover class by Independent of all 
others » It is not sufficient that samples be independent within a given 

y 

land cover class. Therefore to obtain the diffuse samples we will choose 
pixels 80 that they are a distance of at least ten pixels away from any 
other pixel used to define the signature of any other class in the analysis. 

At least five distinct methods are available that would result in 
an accuracy evaluation which would presumably be satisfactory. These five 
methods are listed in table 8 . In some we might t^^ast the accuracy of our 
evaluation by using the same kind of sampling technique to derive pixels 
for the test as we did to get the pixels for the training set. In others 
we would use the same evaluation procedure for both the diffuse and blocked 
examination. This would mean u0lng either all blocked pixels to define our 
testing group, or alternatively using all diffuse samples to define the test 
gtoup. It has been determined in this study to use all diffuse sampled pixels to 
define the testing of characteristic signatures (test number 2 ) . The reason 
for this is that if there is no effect of autocorrelation whatsoever, either 
technique would be valid of course. On the other hand if there is an effect 
of autocorrelation presumably only the diffuse method would be satisfactory. 
Tlierefore since we are allowing the alternative that autocorrelation does 
significantly affect the results it is prudent to use the diffuse technique 
for examination of both classifier techniques. 

Other constraints on the total examination procedures to be used 
for both the diffuse and block sampling techniques are as follows. First 
of all we will want to use the same number of pixels for each test, diffuse 
and blocked. We will also want to use the same number of pixels for both 
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TABLE 8. Some alternative strategies available for testing 
classifier accuracy using blocked and/or diffuse 
sampling. 

i 


Method of Testing 



Blocked 

Diffuse 


Test 

Trained 

Trained 

Choice of 

Number 

Signatures 

Signatures 

Pixels 

1. 

Blocked 

Diffuse 

Different 

* 2. 

Diffuse 

Diffuse 

Different 

3. 

Blocked 

Blocked 

Different 

4. 

Blocked 

Blocked 

Same, single 
entire grid 

5. 

Diffuse 

Diffuse 

Entire set of 
33 grids 

Ic 

Method actually 

chosen for this study 

• 

• 
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developlng the training statistics and for testing the accuracy of the two 
techniques. We will want our examination to be Independent for training and 
testing; that is we do not want to use the same pixels for each. Therefore 
we divide the total number of pixels available in half and apply one half 
of these to development of training signatures and one half to the testing 
itself. No overlap between these two groups is allowed. To minimize problems 
induced by geometric distortions in the satellite data we will avoid using 
any pixels which fall on the boundary of a group. 

We will also subject ourselves to the constraint that the land cover 
classes used for the accuracy evaluation was to be present in both areas, 
Richmond and Denver. It is not enough to evaluate the accuracy in one place 
only. This is because the degree of autocorrelation may be different in the 
two areas. It may be significant in one and not in the other. Therefore we 
will not only want to compare the two techniques but we will want to compare 
their relative efficiency in both areas. Furthermore we must have at least 
ten pixels available in each land cover class to be examined. This is a 
minimum number for which we can hope to have useful statistics developed on 
the relevant accuracy of the two techniques. 

Finally the number of pixels used in each land cover class must be 
in proportion to, and so representatives of, the relative proportion in the 
total population. This is important in order to minimize any possible bias 
which could be introduced in the evaluation of both type I and type II errors 
as is necessary in examinations of this type. As is shown below the set of 
all these constraints which have been applied, all of which are very reason- 
able, has produced very definite limits on the extent to which accuracy 
evaluation can be performed in these two areas. 
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6. Input and Analysis of Photo-Interpreted Data 

The next step was to determine the total number of pixels available 
for each of the two types of accuracy assessment. On the one hand It was 
desired to obtain a group of pixels at the closest possible spacing to use 
to develop the signature for land cover classification. In the other case 
it was desired to choose pixels for each land cover class subject to the con- 
straint that they be placed no closer than 10 pixels apart. For the purpose 
of the development of the first signature a program was written to flnd» 
from each of the land cover grids now available in computer storage, the 
largest blocks of contiguous pixels that could be obtained. To avoid the 
problem of 'mixed pixels' — in which a given pixel cannot be accurately 
assigned to any single land cover class but Instead contains a contribution 
from several of those classes — it was desired to avoid any pixels which 
were on the boundaries of a given block of contiguous identical land cover 
pixels. Thus the program was designed to discover the largest blocks of 
contiguous pixels available, of the same land cover class, subject to the 
constraint that no border pixels (that is pixels adjacent to a pixel of 
another land cover class) were included within the first contiguous block. 

The program was designed to output a new grid in which each block of con- 
tiguous pixels was assigned a unique alphabetic symbol (figure 12) . In 
addition the total number of pixels within that contiguous block, except 
for those on the border of the block, was printed. An example is given in 
table 9. A summary of the information for all of the grids used in the 
analysis is presented in table 10. Examination of the data in table 10 
shows that there are very few land cover classes for which large blocks of 
contiguous pixels are available to be sampled. There are a large number 
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Figure 12. Results of program BLKFND representing each block 
of contiguous pixels of a single land cover class 
by a unique symbol. Chesterfield, Virginia, grid 
number 3. 
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TABLE 9. Example of counts of number or blocks of 

each land cover class produced by the program 
BLKFND. 


ORIGINAL 

OE POOR 


RLGIC-H. . .RICHMOMD CHESTERFIELD 

GRID... 3 


BLOCK 

CHARACTER 

LAND COVER 

NUMBER 

1 

A 

F 

22 

4 

D 

F 

19 

7 

G 

F 

1 

12 

L 

F 

12 

14 

N 

F 

5 

2 

B 

D 

4 

17 

Q 

D 

4 

21 

U 

B 

K 

W 

3 

C 

A 

47 

8 

H 

• A 

2 

22 

V 

A 

2 

5 

E 

L 

3 

6 

F 

L 

21 

18 

J 

L 

1 

16 

R 

L 

3 

18 

R 

L 

16 

9 

I 

L- 

3 

1 1 

K 

L- 

16 

13 

M 

C 

4 

15 

G 

C 

2 

19 

S 

C 

13 

24 

X 

C 

1 

20 

T 

T 

1 

23 

U 

T 

1 
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TABLE 10. Total numbers of pixels of each land 

cover class present in the study grids. 


I \ 

i 

i 



Land cover 
class 

DENVER 

Fitzsimmons 

RICHMOND 

Chesterfield Seven Pines 

Total 

f 

1 

1 

1 

L 

967 

195 

373 

568 

1 

2 

l“ 

12 

97 

88 

185 

i 

3 

HN 

52 

0 

1 

1 

i 

4 

C 

418 

48 

23 

71 

i 

£ 

5 

CN 

96 

26 

1 

27 

i 

1 

6 

B 

369 

3 

108 

111 

I 

7 

D 

668 

55 

185 

241 

i' 

i 

8 

G 

258 

0 

5 

5 


9 

A 

467 

328 

460 

791 


10 

T 

83 

37 

64 

101 



i 

I 

t. 
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of blocks which contain only a few non-border pixels. The program used for 

this analysis Is also Included In Appendix A » it Is called BLKFND. The raw 

0 

data are listed in Appendix E.l.a. 

In the same way it was desired to obtain a second collection of 
pixels to use for developing signatures for training the classifier and for 
testing the accuracy of the classifier. These pixels were desired so that 
they were not contiguous pixels. That is, that they would not be subject to 
the autocorrelation known to exist within the LANDSAT data. To obtain such 
samples it was necessary that they be no closer than ten pixels distant from 
the remainder of the pixels used in this part of the analysis. They were 
of course subject to the same constraint as the contiguous pixels chosen. 

That is they could not be on the border of any given blocks of pixels of 
a given land cover class. Rather, they must be in the interior of a homo- 
geneous group of pixels. To obtain samples of this type a computer program 

was written to locate all pixels within each of the grid' blocks of photo- 

* • 

interpreted pixel data available for the test. The^-program was designed to 

✓ 

locate pixels which were not on the border of tfye class block (figure 13) 

/ 

and which fell at least ten pixels from the nearest pixel within the entire 
grid which had already been chosen for potential analysis. In this way a 
reasonable number of pixels were located which could be used for this part 
of the autocorrelation study. An example of the output of this program is 
shown in figure 14. The remainder of the results of this program analysis 
are given in Appendix E.l.b.The program used for this analysis, called 
DIFIND, is also given in Appendix A . 

Once all of these data were obtained by the computer runs, 
it was desired to determine the total number of pixels which would be 
available for each of these types of classification and testing runs. 
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Figur:. 13. Results of program DIFIND showing those pixels 
on the borders of contiguous blocks of a single 
land cover class (O's), and those not on the 
border of a block (I's). Chesterfield, Virginia, 
grid number 3. 
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Figure 14. Results of prograzu DIFIND shoving non-border pixels 
available for training or testing and at least ten 
pixels distant from any other pixels chosen. 
Chesterfield, Virginia, grid number 3. 
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The total of all of the pixels avajjLable for the diffuse technique for each 

«c 

quadrangle and land cover class are listed In table 11. As can be seen by 
examining this table, certain land cover classes do not occur In both Richmond 
and Denvec Therefore only a small fraction of all of the distinct types of 
land cover were available for testing If the testing were desired to be done 
for each land cover In both areas, as was the case. Land cover classes with 
at least 10 pixels available In both areas are marked by an asterisk In table 
11. Pixels available for each land cover class In each of the areas using the 
blocked sampling technique were shown in table 10. As can be seen by comparison 
of these two tables, and as would be expected, many more pixels are available 
using the 'blocked' technique than are available when using the 'diffuse' 
sampling. When we limit our consideration to those land cover classes for 
\diich a minimum of ten pixels are available in each of the two regions, Denver 
and Richmond it can be seen that only two distinct land cover classes are 
available for sampling. These are the 'residential' and the 'agricultural' 
classes. For each of these classes a large sample set is also available 
using the blocked technique as would be expected. Because of the severe 
constraint that the diffuse sampling scheme imposes on the number of pixels 
available we shall limit our investigation of classification accuracy to the 
two above mentioned land cover classes. 
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TABLE 11. Total number of pixels available at a spacing of nine, 
and cooq>letely surrounded by similar pixels'. 


Land cover Total 

class Fitzsimmons Chesterfield Seven Pines Richmond 


2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9.* 

10 . 

11 . 

12 . 

13. 

14. 


L 

l" 

HN 

C 

CN 

B 

D 

G 

A 

T 

F 

H 

R & R+ 
LN 


18 

0 

2 

9 

1 

5 

15 

4 

11 

1 

0 

4 

14 

7 


2 

3 

0 

1 

0 

0 

0 

0 

9 

0 

28 

0 

0 

0 


8 

1 

0 

0 

0 

2 

1 

0 

7 

0 

22 

0 

0 

0 


10 

4 

0 

1 

0 

2 

1 

0 

16 

0 

50 

0 

0 

0 


Classes for which at least 10 pixels are available in both regions. 
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7. Choice of Training Pixels 

** 

Once the land cover classes of interest were determined it was 
next desired to find the correct number of pixels of each of the land cover 
classes to be examined. In fact, there were to be three land cover classes, 
the two mentioned and a third land cover class, 'other', consisting of the 
total of the remaining land cover classes. A necessary requirement for 
accuracy evaluation is that the pixels used i.n the assessment of accuracy 
be representative of the relative proportion of the land cover which exists 
in the population which we are trying to represent. We estimate the actual 
percentage of the region covered by a given land cover class by the total 
number of pixels detected by the photo-interpretation method within the 
grids which were examined. Using this technique for example for Denver it 
was found that approximately 20% of the entire area under consideration is 
covered by the land cover class 'residential'. Similarily it is found that 
approximately 12% of the area is in the 'agricultural' land cover class 
(table 12; see also table 13 for RichTnond) . The remainder of the pixels 

naturally fall in the land cover class 'other'. For the land cover class 

'residential', a total of 18 pixels were available for the diffuse sampling 
evaluation, for 'agriculture' a total of 11 pixels were available (table 11). 
Half of these pixels were to be used for the training and half were to be 
retained for an independent testing assessment; therefore nine residential 
and five agricultural pixels were to be used in the diffuse sample for 
training. It was desired that these would be a proportion of the total 

number of pixels used representative of their contribution to the overall 

population of land cover classes. In fact then eight pixels were used in 
the residential class in Denver for testing and eight were used for training. 
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TABLE 12. 

Frequency of occurrence of each land i 
the Denver area and numbers of pixels 
examination. 

cover class 
chosen fdr 

in 

1 cover 
.ass 

Total number 
of pixels 
present 

Desired per- 
centage of grid 
represented by 
this cover 

Number of 
samples 
desired 

Number of 
samples 
taken 

L 

967 

20 

8.33 

8 

C 

418 

9 

3.75 

4 

U 

33 

1 

.42 

0 

B 

369 

8 

3.33 

3 

A 

567 

12 

5 

5 

D 

737 

15 

6.25 

6 

H 

134 

3 

1.25 

1 

HN 

52 

1 

0.42 

0 

LN 

322 

7 

2.92 

3 

CN 

96 

2 . 

0.83 

1 

R+ 

103 

2 

0.83 

1 

R 

746 

15 

6.25 

6 

l” 

12 

0 

0 

0 

G 

258 

5 

2.08 

2 

h" 

5 

0 

0 

0 

LD 

1 

0 

0 

0 

T 

83 

2 

0.83 

1 

E 

5 

0 

0 

0 

N 

6 

0 

0 

6 

F 

0 

0 

0 

0 

M 

0 

0 

0 

0 


A9U 


41 
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mi 
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TABLE 13. Frequency of occurrence of each land cover class In 
the Richmond area and numbers of pixels chosen for 
examination. 



Land cover 
class 

Total number 
of pixels 
present 

Desired per- 
centage of grid 
represented by 
this cover 

Number of 
samples 
desired 

Number of 
samples 
taken 

L 

568 

0.11 

5.5 

5 

C 

71 

0.01 

0.5 

1 

U 

0 

0.00 

0.0 


' B 

111 

0.02 

1.0 

1 

A 

791 

0.16 

8.0 

8 

» 

241 

0.05 

2.5 

3 

H 

0 

0.00 

0.0 


HN 

1 

0 

0 


LN 

0 

0.00 

0.0 


CN 

27 

0.01 

0.5 

1 

R+ 

0 

0.00 

0.0 


R 

0 

0.00 

0.0 


iT 

185 

0.04 

2.0 

2 

G 

4 

0 

0 


h” 

0 

0.00 

0.0 


LD 

0 

0.00 

0.0 


T 

101 

0.02 

1.0 

1 

E 

0 

0.00 

0.0 


N 

0 

0.00 

0.0 


F 

2891 

0.58 

29.0 

29 

W 

1 

0 

0 
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In the same way five pixels of the agricultural class were used for testing 
and five for training. The coordinates of the pixels chosen for this 
analysis are listed in table 14. In order to maintain the appropriate 
.relative proportion of the total population, the class ’other' was designed 
to comprise twenty-eight pixels total in t ^;h of the training and the 
testing procedures. Similar computations were done for the case of Richmond 
and it was found that five 'residential' pixels and eight 'agricultural' pixels 
would be required. To kaep the correct proportion of these to the overall land 
cover a total of 38 pixels from 'other' land cover classes were used. These 
again are used in proportion to their representation in the population as 
estimated from the total grid sample available. The actual representation of 
different land cover classes in the class 'other' is included in tables 12 and 
13. These tables also list the exact number of samples which were desired. Having 
the land cover class 'other' available and having the proportions of three 
land cover classes being representative of the population makes it possible 
to perform an unbiased accurate evaluation of both type I and type II errors 
during the classification procedure. For each land cover class in each area 
a block of the same number of pixels was chosen at random to develop the 
blocked statistics. The coordinates of these blocks are given in table 15. 
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TABLE 14. Coordinates of pixels chosen for training statistics 
for classifier, dlfuse method. 



Richmond 


Denver 


Residential 

Scan line 

Element 

Scan line 

Element 


1145 

1861 

2188 

2152 

Seven Pines 

1107 

1906 

2171 

2209 


1142 

1916 

2183 

2259 




2189 

2252 

Chesterfield 

1198 

1495 

2213 

2152 


1199 

1587 

2213 

2162 




2218 

2214 




2227 

2210 




2213 

2248- 




2222 

2244 

Agriculture 





Seven Pines 

1061 

1960 

2171 

2145 


1071 

1949 

2188 

2140 




2171 

2244 

Chesterfield 

1205 

1544 

2171 

2263 


1195 

1593 

2179 

2249 


1244 

1499 

2187 

2244 


1236 

1544 




1240 

1598 




1283 

1491 




1280 

1549 
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TABLE 


Residential 
Richmond 
(Seven Pines) 


Agriculture 
Richmond 
(Seven Pines) 


Residential 

Denver 


Agriculture 

Denver 
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15 , Coordinates of pixel groups used to develop signatures 
for 'blocked* sample classification method. 


Number of Beginning Ending Beginning Ending 

Pixels Scan line Scan line Element Element 


3 

2 

5 


1109 1111 1908 1908 

1110 1111 1909 1909 


9 


1029 1030 


1907 1910 


6 

_4 

10 


2221 2223 2211 2212 

2221 2224 2213 2213 


6 


2179 2180 


2245 2247 
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8. Results of STATS Runs 

Once the total number of points which were to be used in the 
development of signatures and in the accuracy evaluation were determined, 
those pixels were identified and a statistics package program of the 
ORSER system used to develop signatures for the classification. This 
was done with half of the total number of pixels that had been identified 
and chosen as representative pixels for each of the two techniques. Separate 
statistics were developed for each of the two regions, Denver and Richmond. 
These statistics consisted of the mean and standard deviation for each of 
the four channels of the satellite data. 

Because of the nature of the stats program used in this analysis 
separate classification signatures had to be developed for each of the two 
quadrangles in the Richmond area. For the purposes of this study both of 
these quadrangles were assumed to be random samples of Identical land 
cover class types and therefore it was appropriate to combine the signa- 
tures developed for each of those two quadrangles to construct a single 
signature appropriate for the entire Richmond area. To obtain the most 
useful signature it was necessary to combine the two values, since those 
values were constructed using different sample sizes it was not possible to 
simply average the signatures for each channel. Rather, a weighted average 
had to be done. In the same way, it was necessary to extract from the 
computed variavxes the actual sums of squares for each channel for each 
quadrangle. From these sums of squares and from the computed means it 
was possible to construct an overall estimate of population variance based 
on the Combined variances for each channel for the two quadrangles. These 
individual signatures and the combined calculated signatures for the two 
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quadrangles are listed in table 16,. To expedite these computat;ions a short 
computer program was written and this program, called SIGNAD, Is listed In 
Appendix A also. Using the combined signatures which have not been 
developed it is possible to create plots of the classification space to show 
where these signatures will fall. Figures 15 and 16 . Illustrate the regions 
of classifications space for each of the two techniques, DIFFUSE and 
BLOCKED, for the Denver area. 

The classifier that was chosen to be used with this analysis was 
one of the ORSER system called PPD. This is a parallelepiped classifier in 
which the classification space is divided into hyper-rectangles. The limits 
on the rectangle dimensions were defined by the mean for each channel plus 
or minus two times the standard deviation for that channel. These values 
were computed for each of the two areas and are listed in table 17. 

Prior to running PPD on the LANDSAT data each area (quadrangle) was 
geometrically corrected, rotated and rescaled (to 1:24000) using the ORSER 
program SUBGM. These areas were then output as symbol maps to scale with 
the ORSER program NMAP. The quadrangles were compared directly to standard 
uses 7^' quadrangle maps to exactly locate the testing grids in the LANDSAT 
imagery. Whenever necessary the ’fine correction factor' of the SUBGM 
program was employed to bring the imagery into precise alignment with the 
quadrangle map. In each case agreement within pixel was achieved. 

Next the transparent photo-interpretation overlay for the area 
on which the quadrangle boundaries were marked was placed over the image 
map to dete.r^iirne the exact coordinates of the grids available for testing. 
These grids and quad boundaries were marked directly on the LANDSAT pixel 
map so that the photointerpretation overlay could be repositioned at any 
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Statistics for blocked samples were not developed for this quadrangle since no blocks were chosen from It 


is'-»3ure 15. Regions of the brightness space which could be 

classified as agriculture (A) and residential (L) 
using the blocked sampling scheme to develop 
signatures, (a) channels MSS-4 and MSS-5, (b) 
channels MSS-6 and MSS-7. Cross-hatched 
region is the area of confusion of the two 
land cover classes. Fitzsimmons quadrangle, 
Colorado. 



CHANNEL 3 
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Figure 16. Regions of brightness space which could be 

classified as agriculture (A) and residential 
(L) using the diffuse sampling scheme to 
develop signatures, (a) channels MSS-4 and 
MSS-5, (b) channels MSS-6 and MSS-7. Cross- 
hatched region is the area of confusion of 
the two land cover classes. Fitzsimmons 
quadrangle, Colorado. 
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TABLE 


Region 


Richmond 


Denver 
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17. Classification limits for each land cover class in 
each region classified by PPD. 

« 

Channel 


Land Cover 

Training Type 

Limit 

1 

2 

3 

4 

Residential 

Diffuse 

Upper 

20.69 

23.93 

33.43 

18.28 



Lower 

11.31 

10.07 

20.97 

12.91 


Blocked 

Upper 

22.10 

23.54 

32.90 

17.00 



Lover 

11.90 

11.66 

23.10 

13.00 

Agriculture 

Diffuse 

Upper 

21.68 

26.79 

35.46 

19.54 



Lover 

10.76 

10.54 

IS^.32 

11.80 


Blocked 

Upper 

19.31 

26.92 

30.88 

17.61 



Lower 

16.91 

19.96 

23.12 

12.17 

Residential 

Diffuse 

Upper 

28.46 

37.86 

45.76 

24.99 



Lower 

16.34 

18.54 

34.64 

18.06 


Blocked 

Upper 

27.70 

41.00 

47.32 

24.94 



Lower 

20.90 

22.20 

39.48 

20.26 

Agriculture 

Diffuse 

Upper 

28.49 

35.17 

45.91 

22.03 



Lower 

18.85 

30.49 

30.43 

15.63 


Blocked 

Upper 

28.24 

40.47 

70.80 

22.82 



Lower 

20.76 

32.19 

35.20 

17.18 
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time if discrepancies arose. The coordinates of the grids as determined with 
this technique are listed in tables 18, 19 and 20. The signatures were then 
input to the PPD program, and the entire quadrangle classified according to 
those values. Classification groups were residential, agriculture, and all 
other. Where the two land cover class types overlapped a separate symbol 
indicating confusion was printed out. An example of the results of the 
parallelepiped classifier for a single grid in the Richmond area is shown 
,^n figure 17. 
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TABLE 18. Coordinates of grids used In the Phase I Analysis of 
the Chesterfield, Virginia quadrangle.* 


Grid Number 

Beginning 
Scan Line 

Ending 
Scan Line 

Beginning 

Element 

Ending 
‘ Element 

Number of 

Scan lines Elements 

1 

119A 

1206 

1537 

1552 

13 

16 

2 

1194 

1206 

158i 

1601 

13 

16 

3 

1195 

1207 

1488 

1503 

13 

16 

A 

1233 

1245 

1538 

1553 

13 

16 

5 

1233 

1245 

1586 

1601 

13 

16 

6 

1234 

1246 

1488 

1503 

13 

16 

7 

1272 

1284 

1588 

1603 

13 

16 

8 

1273 

1285 

1539 

1554 

13 

16 

9 

1274 

1286 

1490 

1505 

13 ■ 

16 

10 

1311 

1323 

1589 

1604 

13 

16 

11 

13112 

1324 

1540 

1555 

13 

16 

12 

1313 

1325 

1491 

1506 

13 

16 


Note that these coordinates are transformed from the original scan line 
and element numbers due to rotation, scaling and geometric corrections 
used in the ORSER program SUBGM. 


j ■ 


A 

TABLE 
Grid Number 

19. Coordinates of grids used in the Phase I Analysis of 
the Seven Pines, Virginia quadrangle. * 

Beginning Ending Beginning Ending Number of 

Scan Line Scan Line Element Element Scan lines Elements 


1 

1021 

1033 

1946 

1961 

13 

16 


2 

1022 

1034 

1897 

1912 

13 

16 


3 

1023 

1035 

1849 

1864 

13 

16 


4 

1060 

1072 

1948 

1963 

13 

16 

e; 

5 

1061 

1073 

1699 

1914 

13 

16 


6 

1062 

1074 

1850 

1865 

13 

16 


7 

1099 

1111 

1950 

1965 

13 

16 

fe' 

8 

1100 

1112 

1851 

1866 

13 

16 


9 

1100 

1112 

1901 

1916 

13 

16 


10 

1139 

1151 

1902 

1917 

13 

16 


11 

1140 

1152 

1853 

1868 

13 

16 


12 

1140 

1152 

1952 

1967 

13 

16 

t 

*Note that these coordinates are transformed from i 

the original 

scan line 



and element 

numbers due to rotation. 

scaling and j 

geometric corrections 



used in the 

ORSER program 

SUBGM. 
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TABLE 20. Coordinates of grids used in the Phase I Analysis of 
the Fitzsimmon* Colorado quadrangle. * 


Beginning Ending Beginning Ending Number of 

Grid Number Scan Line Scan Line Element Element Scan lines Elements 


1 

2128 

2148 

2138 

2163 

21 

26 

2 

2129 

2149 

2190 

2215 

21 

26 

3 

2129 

2149 

2243 

2268 

21 

26 

4 

2170 

2190 

2138 

2163 

21 

26 

5 

2170 

2190 

2190 

2215 

21 

26 

6 

2170 

2190 

2243 

2268 

21 

26 

7 

2212 

2232 

2138 

2163 

21 

26 

8 

2212 

2232 

2190 

2215 

21 

26 

9 

2212 

2232 

2243 

2268 

21 

26 


Note that these coordinates are transformed from the original scan line 
and element numbers due to rotation, scaling and geometric corrections 
used in the ORSER program SUBGM. 


igure 17. 
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file: LRCE3 


(A) 


RR RRRRR R RRRR 
RRRRRRRR RRR RR 
CR RRR RRR RR R 
C R RR R RRR C 
C RRRRRRRRRRRR 
RRRRRRRR RRR RRfl 
RRRRRRCRR RRCRG 
RRRRRRRR RC RC 
R RRRR RRRCCCR 
RC R RRRRCCRR. 
CC C RR R 

CRCCR RR 

RC CRR 


FILE: LRCD3 

(B) 


C C C C C C C C C R C R C C C C 
C C C C C C C C R C C C C C C C 
C C C C C C C C C C C C C R R C 

c c c c c c c c c c c c c c c c 

C C C C C C C C C C C C C C R 
C C C C C C C C C C C C C C C R 
C C C C C C C C C R C C C C C R 
C C C C C C C C R R C C R C C R 
CCCCCC cccccccc 
CCRCfi cccccccc 
CCCCCR RRCCCR C 
CCCCR fl flCCCRC 
jcCRRR fl R CCC 


A typical PPD classified LANDSAT Inage grid. 
Chesterfield, Virginia, grid number ?. 

(A) BLOCKED (B) DIFFUSE. 
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9. PPD Classifier Results 

Actual classification of the LANDSAT data was done with a program 
obtained from the Office of Remote Sensing of Earth Resources (ORSER) at 
The Pennsylvania State University. This program is called PPD and is a 
parallelepiped classifier. Classification limits for this classifier were 
computed using the vectors of mean and standard deviations as obtained from 
the STATS Program. Limits were computed as the mean plus and minus two times 
the standard deviation in each of the four LANDSAT MSS data channels. All four 
channels were used, since it was not obvious which channels would yield the 
best results and it was assumed that no degradation of classifier accuracy 
could result from the use of all available data. 

Each of the grids whose coordinates are listed in tables 18, 19 and 20 were 
run separately through the PPD program. In addition entire maps of the 
quadrangles understudy were classified in order to yield an approximate 
measure of the quality of the classification. Reasonable accuracy appeared 
to be achieved in each case. Once the grids had been classified these 
classified values were output to a disk file on the Burroughs for later 
study. The classification produced a total of four symbols according to 
the following rule. If a pixel value fell within plus or minus two standard 
deviations of the mean in all four channels for a single land cover class 
it was classified as that class. Two classes were of concern in this study. 

The residential land cover was symbolised in the LANDSAT data by an 
"R", and the agricultural land cover class symbolized by "A". If a pixel 
had values which fell within the upper and lower two standard deviation 
limits on the mean in a given channel for both of these classes it was 
classified as a separate symbol "C" representing confusion or overlap between 
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G 

C the classes. Any pixel whose values did not fall in the upper and lower 

standard deviation limits on the mean was classified as other and given a 
symbol "blank”. Once each grid had been classified and output to the disk 
I on the Burroughs it was then transferred to the HP Mini Computer for analysis 

of classification accuracy. The classified grids \diich resulted from the 
PPD classification are given in Appendix F.l. Each of these grids was 
i hand checked against the photo-interpreted data which had previously been 

digitized as described in section 6 above. The purpose of this checking 
was to determine if any blatant errors of mispositioning of grids had 
* occurred, or if any errors had occurred in transfer ing the data to the 

mini computer. Once these checks were made, and they showed no errors, 
tfh;: d-^r.a were then available for classification accuracy evaluation. 
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10. Accuracy Evaluation 

To minimize the amount of operator induced inaccuracy in the 
evaluation procedure itself, a computer program was written in order to 
evaluate the accuracy in each of the grids. This was done by comparing 
the classifier results to the previously input photo-interpreted ground truth 
data. Accuracy evaluation, of course, was only considered for the pixels 
which had previously been choosen by the technique described above. These 
are listed in table 21. Accuracy was summarized in i: confusion table 
following the method described by Kalensky and Scherk (1975) . A summary 
of the overall accuracy evaluation results for Denver and Richmond is given 
in tables 22 and 23. There are a number of evaluation criteria available. 

As can be seen, the one chosen for major emphasis in this study was the 
value of overall mapping accuracy. 

Overall mapping accuracy is defined as the ratio of the number of 
pixels correctly classified to the total number of pixels classified. Since 
essentially all (99%) of the land cover classes are represented in the set of 
pixels being evaluated, a type I error in one land cover class is a type II 
error in another and vice versa. Therefore it is not necessary to consider 
either type I or type II errors separately. Since the probability of making 
an error is just one minus the probability of correct classification, it is 
quite adequate for our purposes to simply consider the probability of a correct 
classification. Therefore overall classification accuracy is a representative 
measure of the success of a classifier in this study. It is the examination 
of these values which will be emphasized. 
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TABLE 21. 

Coordinates 

evaluation 

of pixels used for 
('testing') . 

classifier accuracy 
0 


Richmond 

Denver 


Residentis'l 

Scan line 

Element 

Scan line 

Element 

Seven Pines 

1024 

1850 

2129 

2139 


1033 

1851 

2129 

2149 


1025 

1898 

2132 

2158 


1066 

1949 

2172 

2157 


1102 

1915 

2176 

2148 




2181 

2156 




2182 

2141 




2188 

2162 

ARriculture 





Seven Pines 

1025 

1910 

2144 

2194 


1029 

1953 

2137 

2244 


1063 

1851 

2138 

2253 


1063 

1909 

2146 

2245 


1103 

1855 

2147 

2254 


1141 

1860 



Chesterfield 

1196 

1490 
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TABLE 22. Cumulative confusion table and measures of errors for the 
Fitzsimmons, Colorado quadrangle. (A) Blocked technique. 
(B) Diffuse technique. 


C U ri Ll L FI TIVE COMPIJ^ION TR£LE 


HRPF'EIi fiS 


(A) 


MAPPING 


CLASS 

R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 







R RESIHEHTIRL CR) 

2 

6 

6 

S 

6 .75 

.20 

U AGRICULTURE <R) 

6 

4 

1 

5 

1 .20 

.57 

E OTHER CO) 

2 


22 

2€ 

4 . 15 

.67 

TOTALS 

4 

e 

29 

39 

11 


COMISSIONS 

2 

2 

7 

11 




.50 

0 

.24 




OVERALL CLASSIFICATION 

ACCURACY 

.72 


PCALPHA ERROR)= 

. 36 


OVERFILL riFlPPING flCCURfiOY .66 


Pc:EETR ERROR) = .37 


CUMULATIVE CONFUSION TABLE 




(B) 

% 

V MAPPED AS 









MAPPING 

CLASS 

R A 

0 

TOTALS 

OMISSIONS 

ACCURRCIE 

T 






R RESIDENTIAL CR) 

S 0 

0 

8 

6 0.00 

. 5? 

U AGRICULTURE <A) 

1 1 

o 

5 

4 .80 

. 13 

E OTHER CO) 

5 3 

18 

26 

8 .31 

.62 

TOTALS 

14 4 

21 

39 

12 


COM I SSI OHS 

6 3 

3 

12 



- 

.43 .75 

. 14 




OVERALL CLASSIFICATION ACCURACY 

. 69 


PCALPHA ERROR )= 

.44 


OVERALL MAPPING ACCURACY 


PC BETA ERROR) = .57 
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TABLE 23. Cumulative confusion table and measures of errors for the 
Chesterfield, Virginia quadrangle. (A) Blocked technique. 

(B) Diffuse technique. 


C UMULRTIVE COMFUgl Otj TRELE 

MRPPEI) fiS 


‘t 


(A) 


MAPPING 


CLASS 

X 

R 

A 

0 

TOTALS 

OM I SS I ONS 

ACCURACIE 

R RESIDENTIAL <R> 

0 

0 

0 

0 

0 0.00 

0.00 

U AGRICULTURE CA> 

0 

0 

0 

0 

0 0.00 

0.00 

E OTHER <0!) 

2 

0 

14 

16 

2 . 13 

.88 

TOTALS 

2 

0 

14 

16 

2 


COMISSIONS 

2 

0 

0 

2 




1 . 00 

0.00 

0.00 




OVERALL CLASSIFICATION AC 

CURAC- 

f' . 88 


P< ALPHA ERROR >= 

.33 

OVERALL MAPPING ACCURACY 


■ I** { 


PCBETA ERROR) = 

.04 


C LI M U L R T I V E C O N F U S 1 0 N TABLE 


MRPPEIl RS 


(B) 


MAPPING 


CLASS 

R 

A 

0 

TOTALS 

OMISSIONS 

ACCURA! 

T 







R RESIDENTIAL 

CR) 0 

0 

0 

0 

0 0 . 00 

0.00 

U AGRICULTURE 

< A ) 0 

0 

0 

0 

0 0.00 

0.00 

E OTHER 

< 0 ) 0 

5 

1 1 

16 

5 .31 

.69 

TOTALS 

0 

5 

1 1 

16 

5 


COMISSIONS 

0 

5 

0 

5 




0. 00 

1 . 00 

0.00 




OVERALL CLASSIFICATION AC 

CURAC 

T‘ . 69 


P< ALPHA error: 

.33 

OVERALL MAPPING 

ACCURACY 


.47 


PaiETA ERROR) 

= . 10 
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TABLE 23 (continued) « Cumulative confusion table and measures of 

errors for the Seven Pines, Virginia quadrangle. (A) Blocked 
technique. (B) Diffuse technique. 


CUMULflTIVE COHFUSION TfiHLE 

MAPPED fIS 

CLRSS PRO 

T 

R RES I DENT I RL <R> 1 0 4 

U AGRICULTURE <R) 3 0 5 

E OTHER <0> 5 1 11 

TOTALS 9 1 20 

COMISSIONS e 1 9 

.89 1.00 .45 

OVERALL CLASSIFICATION ACCURACY .40 
OVERALL MAPPING ACCURACY .31 


(A) 

MAPPING 

TOTALS OMISSIONS ACCURACIES 

5 4 .80 .08 

8 8 1.00 0.00 

17 6 .35 .42 

30 18 

18 


P< ALPHA ERROR >= .78 
P<BETA ERROR) = .72 


CUMULATIVE CONFUSION TABLE 

MAPPED AS (B) 

MAPPING 


CLASS 

R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 

R RSSIDENTIAL <R) 

0 

0 

5 

5 

5 1.00 

0.00 

LI AGRICULTURE <A) 

0 

2 

6 

8 

6 .75 

. 1? 

E OTHER <0> 

0 

4 

13 

17 

4 .24 

. 46 

TOTALS 

0 

6 

24 

30 

15 


COMISSIONS 

0 

4 

1 1 

15 




0.00 

.67 

.46 




OVERALL CLASS I F I CAT I ON 

ACCURACY 

.50 


P< ALPHA ERROR )= 

. 38 

O’-'FPALL MAPPING ACCUPAC 

Y 

.40 


P<DETR ERROR) = 

.66 
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The computer program used for this accuracy evaluatiout ca||e4 
ABSTAT Is listed in Appendix a • This program was run on each of the 
quadrangles and each of the grids within those quadrangles. A confusion 
table was output for each grid of each quadrangle and these are shown in 
Appendix G.l* Also computed was a cumulative misclasslflcatlon table 
and the final cumulative misclasslflcatlon table results are summarized in 
table 24. The actual selection of pixels to be used in the accuracy evalua- 
tion was performed through the use of the program TEST(a. This program is 
also listed in Appendix a • Sufficient numbers of pixels were chosen so 
that the relative proportion of each land cover class within the total study 
area would be accurately represented. These pixels were of course also sub- 
ject to the constraint that they not fall on the boundary of any given land 
cover class group as discussed previously. 

As can be seen by examination of Table 24 and especially Table 25 
no clear pattern can be seen in the results of the two classification pro- 
cedures. In two of the three quadrangles the BLOCKED procedure led to 
slightly higher classification accuracy estimates. In the third quadrangle, 
the Seven Pines Quadrangle in the Richmond area, the DIFFUSE procedure led 
to a considerably greater overall classification accuracy. In all cases the 
standard deviation, as estimated using the clasoif ication accuracy in each 
grid of the quadrangle, is quite large. It is clear that none of these 
results indicate significant differences in the relative accuracy of the 
two techniques. Because the Richmond area was considered to be a whole unit 
rather than comprised of two separate regions, the results were combined 
and the overall average is also reported in Table 25. As can be seen in 
this case the DIFFUSE procedure led to an overall mean slightly higher in 
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TABLE 2A. Results of the examination of classifier accuracy in 
each area using the blocked and diffuse trailing pro- 
cedure . 


Overall Classification Accuracy 
Quadrangle Blocked Diffuse Grid 


Fitzsimmons 


0.50 

0.83 

1 

0.83 

0.50 

2 

0.83 

0.33 

3 

0.33 

1.00 

4 

1.00 

0.67 

5 

0.67 

0.67 

6 

0»6V 

0.67 

7 

1 .00 

1.00 

8 

1.00 

1.00 

9 


Chesterfield 1.00 

0.50 

0.00 

1.00 

1.00 

1.00 

1.00 

1.00 


0.50 1 

1.00 2 

1.00 3 

0.33 4 

1.00 5 

1.00 6 

0.50 7 

0.50 8 

9 


10 

11 

12 


OF 


TABLE 24. (continued) 


Quadrangle 


Overall Cla 
Blocked 


Seven Pines 0.25 

0.00 

0.50 

0.33 

0.00 

0.67 

0.00 

0.00 

1.00 

0.33 

0.33 

1.00 




0.25 

1 

0.00 

2 

0.50 

3 

0.67 

4 

0.50 

5 

0.33 

6 

0.50 

7 

0.00 

8 

0.33 

9 

0.67 

10 

1.00 

11 

1.00 

12 
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TABLE 25. Summary of overall classifier accuracy for each 
quadrangle . 


Quadrangle 

Method 

Mean 

Standard 

Deviation 

Fitzsimmons 

Blocked 

0.76 

0.24 


Diffuse 

0.74 

0.24 

Chesterfield 

Blocked 

0.81 

0.37 


Diffuse 

0.73 

0.30 

Seven Pines 

Blocked 

0.37 

0.37 


Diffuse 

0.48 

0.33 

Richmond Total 

Blocked 

0.55 

0.42 


Diffuse 

0.58 

0.33 

Overall Total 

Blocked 

0.72 


(Weighted Mean) 

Diffuse 

0.69 


Overall Accuracy 

Blocked 

0.635 


(Single Table) 

Diffuse 

0.624 




accuracy than the BROCKET) procedure. Again the standard deviations are 
very large and undouhtadly these means are not slgnlfinantly different. 

The overall weighted means of the three quadrangles » Including both the 
Richmond and Denver areas , are reported in Table 26. It can be seen 
that this procedure estimates die overall classi£lcatloi\ accuracy of the 
BbOCKEB procedure is slightly higher than that of the DIFFUSE procedure. 

No estimate of the error variance is possible for this value. Finally a 
more appropriate overall measure of accuracy of evaluation can be obtained 
by conditnlng the misclassification tables of all three quadrangles prior to 
computation of a single value of classification accuracy. This was done 
and that result is also reported in Table 25. Again the BLOCKED procedure 
led to a very slight improvement over that of the DIFFUSE technique. Un- 
doubtedly these values could not bo shown to be significsntly different. 
Unfortunately estimates of the error variance are not available for these 
values* 

Although not strictly statistically appi'opriate, multiple t-tests 
were performed to compare the «\eans of each technique in each quadrangle. 

An adjustment of the overall alpha level was made to account for the fact 
that a number of tests were being perforated so that an overall error level 
of 53b would be achieved. With this adjustment it could not he shown that 
any wean was significantly different than the other, BLOCKED or DIFFUSE, in 
any of the three quadrangles. Similarily tests of the homogeneity of 
variance of the techniques can he performed using an F-statistic. This 
was done for each of the titree quadrangles and it was found that there is 
a slight tendency for the variance in classification accuracy to be larger 
in two (the Richmond two) of the three quadrangles. Although these tests 



TABLE 26. Results of classifier accuracy test for the phase I 
study areas. 


Weighted mean 
of classifier 
accuracy 

Sample Size 

Method 

Quadrangle 

0.72 

39 

Blocked 

Fitzsimmons 

0.69 

39 

Diffuse 

Fitzsimmons 

O.AO 

30 

Blocked 

Seven Pines 

0.50 

30 

Diffuse 

SevelfV Pines 

0.88 

16 

Blocked 

Chesterfield 

0.69 

16 

Diffuse 

Chesterfield 

0.6A 

85 

Blocked 

Total 

0.62 

85 

Diffuse 

Total 
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can only be considered approximate at best* they indicate quite strongly 
that neither of the techniques can be anticipated to yield better 
classification procedures than the other. However, our certainty of the 
classification accuracy may be improved by the DIFFUSE sampling procedure. 

Other means of evaluating classification accuracy are of course 
available. These would Include computation of the alpha error rate, the 
beta error rate, mapping accuracy and overall mapping accuracy and all of 
these values have been included in the tables of Appendix G.l. Undoubtedly 
sufficiently thorough examination of all of these could uncover differences 
in the two techniques. However the testing becomes superfluous when such 
a large number of different classification evaluation procedures are con- 
sidered. The number of tests is so great that an alpha error can be almost 
guaranteed to occur. Therefore no further statistical analyses of these 
values was made. 

It is also conceivable that the .relative classification accuracy 
of one technique or the other may decrease as a function of distance from the 
site where the training pixels were obtained. This hypothesis was con- 
sidered and evaluated by graphical representation of the results (table 27 ) as a 
function of distance from training pixels. No systematic pattern could be 
uncovered in this procedure although there were hints that it maybe the 
case for the BLOCKED procedure. This is not surprising in that the BLOCKED 
procedure obtained all of its samples from a single site whereas the 
DIFFUSE procedure obtained pixel training samples from almost every grid within 
each quadrangle. Therefore it would be erroneous to conclude that the 
DIFFUSE method was superior to the BLOCKED method because of any patterns 
such as this that may exist. Further examination of the question however 


seems to be warranted. 
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TABLE 27. Results of overall classification accura 9 y for each 
Phase I area arranged according to the spatial 
configurations of the grids (as in figure 4 ). 
Grids in vhich samples were obtained are enclosed 
in brackets. 




Blocked 



Diffuse 


Denver 

0.50 

0.83 

0.83 

0.83 

0.50 

0.33 


0.33 

1.00 

[0.67] 

[1.00] 

[0.67] 

[0.67] 


0.67 

[1.00] 

1.00 

[0.67] 

[1.00] 

[1.00] 

Seven Pines 

0.25 

0.00 

0.50 

0.25 

0.00 

0.50 


0.33 

0.00 

0.67 

0.67 

0.50 

[0.33] 


0.00 

[0.00] 

1.00 

0.50 

[0.00] 

0.33 


0.33 

0.33 

1.00 

[0.67] 

[1.00] 

1.00 

Chesterfield 

1.00 

[0.50] 

0.00 

[0.50] 

[1.00] 

;[1.00] 


1.00 

1.00 

1.00 

[0.33] 

[1.00] 

[1.00] 


1.00 ~ [0.50] [0.50] 


1.00 
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At this point we must suspect that either the autocoirreXation which 
exists within the LANBSAT data does not significantly influence the classifica- 
tion procedure or that our testing method is not sufficiently sensitive to 
the effects of that autocorrelation. The sampling procedure followed, and 
evluation methods used, would seem to be sufficiently careful that any 
Influence of autocorrelation which might exist could be expected to show up. 
Therefore we must tentatively conclude that autocorrelation will not signi- 
ficantly influence the accuracy of classification procedures when that in- 
fluence is carefully examined. Because this is an important conclusion with 
respect to sampling techniques which might be used by other investigators, 
it is important to carefully document the extent of evidence available on 
this question and to thoroughly examine its importance as far as practical. 
Further tests of this idea then are described in the following section. 


B. Phase II: Extension to Other Areas of the Denver Region . 

1. Sites Chosen 

The results of the phase I analysis suggested that there may 
be measurable differences in the results and accuracy of evaluation 
Which will be achieved as a function of the kind of sampling technique 
employed. Although the results suggest there are differences, those 
differences are not totally distinct, and are difficult to interpret. 

They do not appear to b'’' of the sort which might be anticipated given 
autocorrelation structure in the data. Therefore in order to test the 
presence of this in general, further analysis is desirable. Results 
also suggest that the differences may show up more distinctly when the 
grids being analyzed are separated by a great distance. Therefore more 
samples are needed and the samples should be spread over a larger 
region. 

Therefore it was decided to extend this analysis to other regions 
in the Denver area. A total of five quadrangles were chosen for further 
analysis. These are; Highlands Ranch, Littleton, Commerce City, East 
Lake, and the Sable quadrangles. The positions of each of these quad- 
rangles are shown in figure 18. They were chosen because they display 
appoximately the same conditions of urban growth and expansion and trans- 
formation of land cover classes as was displayed in the original quadrangle 
chosen. Each of these areas is also contained with the same LANDSAT 
image which was used for the Fitzsimmons quadrangle and therefore it 
was possible to employ the same signatures developed in that quadrangle 
to classify the land cover within these areas. They also have the 




Locations of quadrangles chosen for the phase II 
analysis of the Denver area. The original quadrangle 
studied (Fitzsinunons) is shown for comnarl 
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advantage that aerial photography of the same time period Is also available 
for these sites. Furthermore they all occur vlthln the same physiographic 
region as was found for the Fitzsimmons quadrangle. Virtually Identical 
land cover classes ,and characteristics occur within these quadrangles 
as was shown In the Fitzsimmons quadrangle. The same land cover classes 
were chosen for evaluation as previously. Within each of these quadrangles 
from three to nine one-square-mlle grids were defined as done previously In 
the phase I study. The relative locations of each of these grids within the 
quadrangle chosen Is shown In figures 19-22. The location of these grids 
was defined by the positioning of the land cover classes of Interest 
within the quadrangle areas. U.S. Geological Survey 7*5' qu».drangle maps 
are available for these areas and were used for location of areas during 


the study. 








Figure 20. Location of grids chosen for study in the Sable, Colorado 
quadrangle . 
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Figure 22. Location of grids chosen for study in the Highland Ranch, 
Colorado quadrangle. 
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2. Photo-interpreted Data 

As in the phase I study the land cover classes were defined by and 

r 

provided by the contract manager at NASA Goddard Space Flight Center. Classes 
^ were defined using a modified Anderson level XI system as previously and the 

class'iis considered are listed in table 28. As can be seen, certain new 
classes not previously defined are included in this table. In addition 
( several classes which had previously been considered in the phase I study are 

no longer Included. These Include classes that were considered only because 
they occurred within the Richmond study area in phase I. Furthermore certain 
f class definitions have been slightly redefined for the phase II study. Compari- 
son of tables 28 and 7 will show where these discrepancies occur. j 

Reproductions of the photo-interpreted overlays provided by NASA \ 

, are given in Appendix C.2. The same procedure used in phase I was used to 

locate the exact positions of these overlays relative to 7h' topographic maps 

and relative to the LANDSAT data. The photo-interpreted data were digitized j 

I 

r using the same procedure described in phase I and these data were input by | 

the GRNDTH program and stored on disk for later analysis. Analysis included | 

T 

K 

runs of BLKFND and DIFIND as done previously in the phase I study. The total ii 

I 

i number of pixels available for testing was determined with the DIFIND program. ' | 

i 

These numbers of pixels available in each quadrangle are listed in tables | 

i 

29-32 and summarized in table 33. Appendix D.2 contains the data. 

i • • 

One of the important questions to be examined in phase II was the 
extent to which these signatures could be extrapolated to new areas in the 
{ same region as a function of the type sampling procedure which had been : 

followed in developing the signatures originally. Therefore it was desirable | 

it 

to use the same classes in the accuracy evaluation as had been used in the I 


C' 
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TABLE 28. Symbols used in the phase II analysis and the correspondins 
land cover classes they represent. Only defltied classes 
represented by at least 10 pixels are listed 


Reported in photo 
interpretation 
grids 


Used in internal 
machine 
representation 


Land Cover Class 


A 

0 

U 

C 

U 

B 

R 

D 

CN 

UN 

Rip 

UL 

T 

l” or U' 
UH 


A 

0 

u 

C 

w 

B 

R 

D 

# 

+ 

$ or P 
& 

T 

or * 

% 


Agriculture 

Other 

Residential 

Commercial 

Water 

Barren 

Range 

Disturbed 

Construction 

Residential with no or 
partial landscaping 

Riparian 

* 

Transportation 

Low density residential 

Apartments or Townhouse s 


This, and a number of other symbols were not defined in the photointerpreted 
data set_supplied from NASA-GSFC. They include: UL, CX, DS, UM, 00, UH, U”, 

LN and C . Because they are rare (see table 39 ) they are assumed to be 
minor errors of tabulation and were ignored in this analysis. 
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TA.BLE 29. Results of Program DIFiND. Number of pixels available for 
testing at a spacing of ten In the phase II grids of the 
Highland Ranch » Colorado, quadrangle. 

Grid Number 

Class 1 2345 6 789 Total 


A 1 6 — — ~ ~ ~ “ — 7 

R 3 5 — 9 9 6 32 

U 6 5 6 ~ ~ 4 21 

0 4 2 2 — 2 — — — 1 11 

C --13312-- — -- 10 

D 2 — 1 2 — 1 — 6 

Rip »_ 2 — — — — — — — 2 

W ~ — — — — — ““ — 0 

B 1 — — — — — 1 2 

l“ 5 — — — . — — — — 5 

UN — — — — 2 — " — 1 3 

X __ __ 1 — — — ~ — — I 

CN — — 1 — 1 — — — — 2 


102 
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TABLE 30, Results of Program DIFIND. Number of pixels available for 
testing at a spacing cf ten in the phase II grids of the 
East Lake, and Commerce City, Colorado, quadrangles. 


GRID NUMBER 

East Lake Commerce City 

Class 123456 123 Total 

A 7 7 5 — 1 3 8 31 

R — 1 6 — 4 — __ 4 15 

U 1 5 1 7 14 

0 13 1—18—2— 16 

C — — — — — 3 __ 1 4 

D 3 1 __ __ 4 

Rip — — — — — 1 __ 2 — 3 

W 1 __ __ __ __ 1 __ __ __ 2 

B — 2 — — 1 — 1 — — 4 

l" — — — — — — - ■ 0 

UN — ~ — ~ 2 — — — — 2 

T — — — — — — — 1 1 

CN — — — — — — 0 0 


96 


ORIGINAL PAGE IS 
OF POOR QUALITY 

TABLE 31. Results of Program DIFIND. Number of pixels available 
for testing at a spacing of ten In the phase II grids 
of the Littleton, Colorado quadrangle. 

Grid Number 

Class 123456 789 Total 

A 1 4 — — 1 3 2 — 5 16 

R 9 4—7—16 — 2 29 

U — A 2 7 2 — — 15 

0 — — A — 1 3 — 6 — 14 

C — — 3 — 1 — — — ““ ^ 

D — 1 1 — 2 — 1 1 — 6 

Rip — 1 — — 1 1 — 1 A 

W — 2 — — — 1 ~ 3 — 6 

B 1 — 2 — 1 “ — — A 

L- - - - - - 1 - 1 

UN — — — 2 — — — — ~ 2 

ip __ — — — — — ~ 0 

CN 1 — — 1 ~ — — — — 2 


103 
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TABLE 32. Results of Program DIFIND. Number of pixels available 

for testing at a spacing of ten In the phase II grids of 
the Sable. Colorado quadrangle. 


Grid Number 

Class 1 2 3 4 5 6 7 8 Total 

A ~ ~ — ~ ~ 5. — 4 9 

R 8959 — 532 41 
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TABLE 33. Sunstnary of pixels available for testing each land cover 

class in each of the quadrangles of the phase^ II study area. 


Class 

East Lake/ 
Connnerce 
City 

Littleton 

Sable 

Highland 

Ranch 

Class 

Total 

A 

31 

16 

9 

7 

63 

R 

15 

29 

41 

32 

117 

U 

14 

15 

11 

21 

61 

0 

16 

14 

14 

11 

55 

c 

4 

4 

6 

10 

24 

D 

4 

6 

1 

6 

17 

Rip 

3 

4 

3 

2 

12 

W 

2 

6 

0 

0 

8 

B 

4 

4 

0 

2 

10 

l" 

0 

1 

0 

5 

6 

UN 

2 

2 

0 

3 

7 

T 

1 

0 

0 

1 

2 

CN 

0 

2 

0 

2 

4 

QUAD TOTALS 

96 

103 

85 

102 

386 


GRAND 

TOTAL 
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phase I study. Therefore the two original classes » residential and 
agriculture, were used. The remaining land cover classes were lumped 
in the single class other. All available land cover classes were de- 
termined for each quadrangle using the BLKFND program previously developed. 
These are listed for each grid of each quadrangle in tables 34-38. The 
data are summarized in table 39. The total number of pixels avalable 
as determined by the program DIFIND were then further subset so that the 
number of pixels of each land cover class actually used in the accuracy 
evaluation would again be in proportion to their occurrence within the 
total photo-interpreted data set (table 40) . Furthermore these pixels 
were split into two groups so that one half would be used in the blocked 
evaluation and one half used in the diffuse evaluation (table 41). The 
program TEST® was run to determine exactly which pixels would be used in 
each test. The pixels chosen for each of the two tests for each land 
cover class are given in tables 42 and 43. 
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TABLE 3A. Number of pixels of the various land cover classes 
found in the Highland Ranch, Colorado quadrangle. 


Grid 


Class 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

9 

LN 

22 

22 

— 

— 

— 

— 

— 

— 

— 

— 

l" 

311 

311 

— 

— 

— 

— 

— 

— 

— 

— 

0 

373 

168 

36 

51 

26 

36 

5 

— 

14 

37 

A 

302 

40 

262 

— 

— 

— 

— 

— 

— 

— 

C 

374 

5 

10 

200 

no 

24 

22 

— 

— 

3 

Rip 

107 

— 

81 

11 

— 

— 

10 

— 

— 

5 

R 

1599 

— 

145 

149 

— 

— 

— 

546 

495 

264 

D 

246 

— 

12 

73 

23 

43 

58 

— 

37 

— 

T 

36 

— 

— 

36 

— 

— 

— 

— 

— 

— 

B 

36 

— 

— 

7 

— 

— 

— 

— 

— 

29 

c" 

5 

— 

— 

5 

— 

— 

— 

— 

— 

— 

CN 

70 

— 

— 

14 

— 

47 

— 

— 

— 

9 

U 

1304 

— 

— 

— 

370 

336 

440 

— 

— 

158 

r 

32 

— 

— 

— 

17 

15 

— 

— 

— 

— 

UN 

86 

— 

— 

— 

— 

45 

— 

— 

— 

41 


11 





— 

11 

— 

— 

— 
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TABLE 35. Number of pixels of the various land cover classes 
found In the Sable » Colorado quadrangle. 


Grid 

Class Total 1 2 3 4 5 6 7 8 


R 

2090 

378 

546 

185 

517 

— 

252 

174 

38 

0 

528 

131 

— 

128 

8 

20 

24 

74 

143 

C 

255 

37 

— 

134 

— 

12 

— 

59 

13 

D 

39 

— 

— 

8 

— 

8 

— 

23 

— 

Rip 

77 

— 

— 

41 

21 

— 

— 

6 

9 

U 

697 

— 

— 

50 

— 

471 

— 

176 

— 

CN 

13 


— 

— 

— 

10 

— 

— 

3 

£ 

24 

— 

— 

— 

— 

21 

— 

— 

3 

00 

1 

— 

— 


— 

1 

— 

— 

— 

u'*' 

3 

— 

- — 

— 

— 

3 

— 

— 

— 

A 

545 

— 

— 

— 

— 

— 

270 

— 

275 

T 

77 

— 

— 

— 

— 

— 

— 

34 

43 

u" 

19 





— 



19 
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TABLE 36. Number of pixels of the various land cover classes 
found in the East Lake, Colorado quadrangle. 


Grid 


Class 

Total 

1 

2 

3 

4 

5 

6 

A 

1029 

394 

351 

213 

— 

63 

8 

0 

731 

83 

67 

81 

42 

10 

448 

U 

368 

21 

— 

— 

282 

65 

— 

c 

68 

17 

— 

— 

51 

— 

— 

w 

62 

31 

— 

— 

— 

3 

28 

B 

99 

— 

74 

— 

— 

25 

■ — 

R 

A91 

— 

28 

252 

— 

211 

— 

D 

201 

— 

5 

— 

152 

44 

— 

CN 

19 

— 

— 

— 

19 

-- 

— 

UN 

lOA 

— 

— 

— 

— 

104 

— 

Rip 

31 

— 

— 

— 

— 

— 

31 
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TABLE 37. Number of pixels of the various land cover classes 
found in the Littleton, Colorado quadrangle. 


Grid 


Class 

Total 

1 

2 

3 

4 

5 

6 

7 

8 

9 

R 

1512 

452 

203 

7 

363 

— 

44 

352 

— 

91 

CN 

51 

36 

— 

— 

15 

— 

— 

— 

— 

— 

B 

137 

30 

— 

— 

72 

— 

35 

— 

— 

— 

0 

731 

17 

29 

181 

— 

18 

103 

10 

347 

26 

A 

879. 

11 

234 

— 

— 

25 

160 

135 

— 

314 

U 

278 

— 

57 

7 

— 

— 

38 

— 

170 

6 

D 

190 

— 

23 

42 

9 

52 


41 

23 

— 

C 

172 

— 

— 

139 

— 

32 

10 

— 

— 

— 

U 

691 

— 

— 

130 

54 

419 

82 

— 

— 

— 

Rip 

194 

— 

— 

43 

— 

— 

41 

7 

— 

103 

UL 

2 

— 

— 

— 

2 

— 

— 

— 

— 

— 

UN 

40 

— 

— 

— 

31 

— 

9 

— 

— 

— 

T 

39 

— 

— 

— 

— 

— 

24 

— 

— 

15 

DS 

1 

— 

— 

— 

— 

— 

— 

1 

— 

— 

l" 

6 

— 

— 

— 

— 

— 


— 

6 

— 

UM 

4 






mmmm 



4 
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TABLE 38. Number of pixels of the various land cover classes 
found in the Commerce City* Colorado quadrangle 
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Grid 


Class 

Total 

1 

2 

3 

B 

34 

34 

— 


U 

426 

426 

— 

— 

c 

98 

86 

— 

12 

A 

663 

— 

156 

507 

R 

175 

— 

175 

— 

0 

73 

— 

61 

12 

Rip 

133 

— 

133 

— 

T 

14 

— 

— 

14 

CX 

1 

— 

— 

1 
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TABLE 39 . 

Number of pixels of each landcover class present in 
each quadrangle of the phase II study area. 


Class 

East Lake 

Commerce City 

Littleton 

Sable 

Highlands 

Ranch 

Grand 

Total 

A 

1029 

663 

879 

545 

302 

3418 

0 

731 

73 

731 

528 

373 

2436 

U 

368 

426 

691 

697 

1304 

3486 

c 

68 

98 

172 

255 

374 

967 

w 

62 

— 

278 

— 

— 

340 

B 

99 

34 

137 

24 

36 

330 

R 

491 

175 

1512 

2090 

1599 

5867 

D 

201 

— 

190 

39 

246 

676 

CN 

19 

— 

51 

13 

70 

153 

UN 

104 

— 

40 

— 

86 

230 

Rip 

31 

133 

194 

77 

107 

542 

UL 

31 

— 

2 

— 

— 

33 

T 

— 

14 

39 

77 

36 

166 

CX 

— 

1 


— 

— 

1 

DS 

— 

— 

1 

— 

— 

1 

l" 

— 

— 

6 

— 

311 

317 

UM 

— 

— 

4 

— 


4 

00 

— 

— 

— 

1 

— 

1 

UH 

— 

— 

— 

3 

11 

14 

u 

— 

— 

— 

19 

— 

19 

LN 

— 

— 

— 

— 

22 

22 

c" 

— 

“ 

— 

— 

5 

5 

P 





32 

32 


19060 
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TABLE 40. Computation pf pixels desired in the phase II accuracy 
evaluation. This is based on the assumption ‘that there 
were 61 pixels of ’’Residential" available to be used. Only 
symbols listed in table 28 and represented by at least 50 
pixels in the total sample are considered. 


Land cover 
cl4SS 


Percentage of 

Total pixels all pixels 

available available • 


Number of pixels 
desired in 
testing 


R 

5867 

30.78 

100.97 

U 

3486 

18.29 

60.00 

A 

3418 

17.93 

58.82 

0 

2436 

12.78 

41.93 

C 

967 

5.07 

16.63 

D 

676 

3.55 

11.65 

Rip 

542 

2.84 

9.32 

W 

340 

1.78 

5.84 

B 

330 

1.73 

5.68 

l“ 

317 

1.66 

5.45 

UN 

230 

1.21 

3.97 

T 

166 

0.87 

2.85 

CN 

153 

0.80 

2.62 


99.29 325.73 
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TABLE 41. Computation of pixels to be used in the phase II accuracy evaluation 
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TABLE 42. Coordinates of pixels chosen for the accuracy evaluation of 
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SYMBOL 

■ SCRS’ LIME 

ELEMEHT 

CRIB 

OURBPPNGLE 

1 

A, 

2 

4 


HIGHLftUD RANCH 

2 

A 

2 

15 

• # 

HIGHLRNB RANCH 

1 

c 0 

4 

25 


HIGHLAND RANCH 

3 

^ A 

« 

11 

9 

1 

HIGHLAND RANCH 

2 

0 

19 

2 


HIGHLAND RANCH 

1 

$ 

2 

2 

2 

HIGHLAND RANCH 

3 

0 

2 

14 

2 

HIGHLAND RANCH 

1 

c 

2 

24 

2 

HIGHLAND RANCH 

1 

R 

le 

19 

2 

HIGHLAND RANCH 

1 


11 

6 

2 

HIGHLAND RANCH 

2 

fil 

19 

12 

2 

HIGHLAND RANCH 

3 

A 

20 

21 

2 

HIGHLAND RANCH 

2 

C 

2 

9 

3 

HIGHLAND RANCH 

2 

R 

2 

21 

3 

HIGHLAND RANCH 

4 

0 

9 

2 

3 

HIGHLAND RANCH 

1 

D 

10 

14 

3 

HIGHLAND RANCH 

3 

R 

12 

25 

3 

HIGHLAND RANCH 

4 

R 

18 

3 

3 

HIGHLAND RANCH 

3 

C 

19 

19 

3 

HIGHLAND RANCH 

1 

U 

2 

4 

4 

HIGHLAND RANCH 

2 

U 

2 

15 

4 

HIGHLAND RANCH 

4 

c 

2 

25 

4 

HIGHLAND RANCH 

3 

u 

11 

5 

4 

HIGHLAND RANCH 

4 

u 

1 1 

16 

4 

HIGHLAND RANCH 

5 

c 

14 

25 

4 

HIGHLAND RANCH 

5 

(J 

20 

3 

'4 

HIGHLAND RANCH 

e 

u 

20 

15 

4 

HIGHLAND RANCH 

7 

u 

2 

3 

5 

HIGHLAND RANCH 

2 

D 

2 

23 

5 

HIGHLAND RANCH 

e 

U 

3 

12 

5 

HIGHLAND RANCH 

9 

U 

10 

18 

5 

HIGHLAND RANCH 

le 

U 

11 

4 

5 

HIGHLAND RANCH 

11 

U 

17 

12 

5 

HIGHLAND RANCH 

3 

D 

2 

7 

6 

HIGHLAND RANCH 

12 

U 

2 

20 

6 

HIGHLAND RANCH 

13 

U 

9 

13 

6 

HIGHLAND RANCH 

14 

U 

10 

2 

6 

HIGHLAND RANCH 

15 

u 

11 

22 

6 

HIGHLAND RANCH 

le 

u 

17 

8 

6 

HIGHLAND RANCH 

17 

u 

20 

17 

6 

HIGHLAND RANCH 

5 

R 

2 

4 

7 

HIGHLAND RANCH 

6 

R 

2 

15 

7 

HIGHLAND RANCH 

7 

R 

2 

25 

7 

HIGHLAND RANCH 

e 

R 

10 

10 

7 

HIGHLAND RANCH 

9 

R 

10 

20 

7 

HIGHLAND RANCH 

10 

R 

16 

3 

7 

HIGHLAND RANCH 

11 

R 

19 

15 

7 

HIGHLAND RANCH 

12 

R 

20 

24 

7 

HIGHLAND RANCH 

4 

D 

2 

5 

8 

HIGHLAND RANCH 

13 

R 

2 

17 

8 

HIGHLAND RANCH 

14 

R 

8 

24 

8 

HIGHLAND RANCH 

15 

R 

10 

12 

8 

HIGHLAND RANCH 

16 

R 

11 

2 

8 

HIGHLAND RANCH 

17 

R 

16 

19 

8 

HIGHLAND RANCH 

16 

R 

19 

7 

8 

HIGHLAND RANCH 

4 r 

F 


c. 

9 

highland ranch 

Z'v 

c 


15 


HIGHLAril FhHCH 
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21 

p> 

3 

24 

9 

HIGHLfinL RANCH 

iS 

U 

9 

9 

9 

HIGHLAHI' RANCH 

19 

u 

12 

18 

9 

.HIGHLAND RANCH 

20 

^ u 

18 

8 

9 

‘HIGHLAND RANCH 

22 

f R 

20 

24 

9 

HIGHLAND RANCH 

23 

R 

2 

2 


8ABLE 

5 

• 0 

2 

17 

1 

8RBLE 

24 

R 

8 

10 

1 

SABLE 

25 

R 

8 

24 


SABLE 

26 

R 

14 

2 

1 

SABLE 

6 

C 

15 

16 

1 

SABLE 

27 

R 

17 

25 

1 

SABLE 

26 

R 

2 

2 

2 

SABLE 

29 

R 

2 

14 

2 

SABLE 

30 

R 

2 

25 

2 

SABLE 

31 

R 

10 

7 

2 

SABLE 

32 

R 

10 

19 

2 

SABLE 

33 

R 

17 

13 

2 

SABLE 

34 

% 

rA 

18 

25 

2 

SABLE 

35 

R 

19 

2 

2 

SABLE 

7 

C 

2 

4 

3 

SABLE 

6 

C 

2 

14 

3 

SABLE 

36 

R 

5 

25 

3 

SABLE 

37 

R 

11 

9 

3 

SABLE 

6 

0 

13 

18 

3 

SABLE 

21 

U 

19 

4 

3 

SABLE 

38 

R 

2 

7 

4 

SABLE 

39 

R 

2 

19 

4 

SABLE 

40 

R 

10 

13 

4 

SABLE 

4;i 

R 

11 

2 

4 

SABLE 

42 

R 

11 

22 

4 

SABLE 

43 

R 

16 

8 

4 

SABLE 

44 

R 

19 

17 

4 

SABLE 

22 

U 

2 

2 

5 

SABLE 

23 

U 

2 

12 

5 

SABLE 

24 

U 

2 

22 

5 

SABLE 

25 

U 

11 

6 

5 

SABLE 

26 

U 

11 

20 

5 

SABLE 

2? 

U 

18 

14 

5 

SABLE 

1 

B 

19 

25 

5 

SABLE 

28 

U 

20 

5 

5 

SABLE 

4 

A 

2 

2 

6 

SABLE 

5 

A 

2 

16 

6 

SABLE 

7 

0 

3 

25 

6 

SABLE 

6 

A 

8 

9 

6 

SABLE 

7 

A 

11 

18 

6 

SABLE 

45 

R 

14 

2 

6 

SABLE 

46 

R 

18 

11 

6 

SABLE 

47 

R 

19 

23 

6 

SABLE 

48 

R 

5 

6 

7 

SABLE 

49 

R 

6 

15 

7 

SABLE 

5 

D 

10 

24 

7 

SABLE 

29 

U 

14 

9 

7 

SABLE 

30 

U 

17 

18 

7 

SABLE 

8 

0 

20 

2 

7 

SABLE 

9 

0 

2 

2 

6 

SABLE 

Si" 

F 


21 

8 

SABLE 


rt 


'r* 

C 

SABLE 

9 


1 1 

20 

8 

SABLE 
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le 

0 

17 

4 

£ 

SABLE 

10 

8 

19 

25 

8 

SABLE 

11 

R 

2 

£ 

1 

; EAST LAKE 

12 


2 

16 

1 

EAST LAKE 

13 

A 

4 

25 

1 

EAST LAKE 

14 

A 

11 

9 

1 

EAST LAKE 

11 

0 

12 

20 

1 

EAST LAKE 

15 

A 

20 

2 

1 

EAST LAKE 

16 

A 

20 

12 

1 

EAST LAKE 

17 

A 

2 

2 

2 

EAST LAKE 

le 

A 

2 

12 

2 

EAST LAKE 

12 

0 

5 

24 

■ 2 

EAST LAKE 

19 

A 

11 

4 

2 

EAST LAKE 

20 

A 

1 1 

14 

2 

EAST LAKE 

21 

A 

15 

23 

2 

EAST LAKE 

2 

B 

20 

10 

2 

EAST LAKE 

1:3 

0 

5 

2 

3 

EAST LAKE 

22 

A 

11 

25 

3 

EAST LAKE 

23 

A 

13 

10 

3 

EAST LAKE 

24 

A 

18 

2 

3 

EAST LAKE 

25 

A 

19 

20 

3 

EAST LAKE 

€ 

1) 

3 

22 

4 

EAST LAKE 

1 

♦ 

2 

9 

5 

EAST LAKE 

3 

B 

2 

20 

5 

EAST LAKE 

2 

♦ 

10 

15 

5 

EAST LAKE 

26 

A 

13 

24 

5 

EAST LAKE 

14 

0 

2 

5 

6 

EAST LAKE 

15 

0 

2 

15 

6 

EAST LAKE 

16 

0 

2 

25 

6 

EAST LAKE 

17 

0 

11 

12 

6 

EAST LAKE 

18 

0 

12 

22 

6 

EAST LAKE 

19 

0 

16 

3 

6 

EAST LAKE 

20 

0 

8 

10 

1 

LITTLETON 

1 

M 

2 

4 

2 

LITTLETON 

21 

0 

6 

22 

2 

LITTLETON 

27 

A 

It 

15 

2 

LITTLETON 

28 

A 

15 

2 

2 

LITTLETON 

29 

A 

17 

23 

2 

LITTLETON 

2 

« 

13 

19 

3 

LITTLETON 

3 

« 

6 

10 

£ 

LITTLETON 

2 

M 

13 

2 

£ 

LITTLETON 

3 

U 

15 

16 

8 

LITTLETON 

1 

T 

3 

2 

9 

LITTLETON 

4 

» 

20 

16 

9 

LITTLETON 

5 

$ 

8 

21 

2 
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OUNT 

£.YKi:OL 

SCAN LINE 

ELEMENT 

GRID 

GUflDRflH'jLE 

1 

/S, 

2 • 

4 

1 

HIGHLRNB RRNCH / 

2 


2 

14 

1 

« HIGHLRHB RRNCH 

1 

i 0 

5 

25 

1 

HIGHLRNB RRNCH 

3 

A 

11 

10 

1 

HIGHLRNB RRNCH 

2 

0 

16 

2 


HIGHLRNB RRNCH 

3 

0 

20 

12 

1 

HIGHLRNB RRNCH 

1 

f 

2 

3 

2 

HIGHLRNB RRNCH 

1 

R 

2 

18 

2 

HIGHLRNB RRNCH 

2 

R 

9 

24 

2 

HIGHLRNB RRNCH 

1 

R 

11 

2 

2 

HIGHLRNB RRNCH 

2 

R 

12 

13 

2 

HIGHLRNB RRNCH 

3 

R 

19 

20 

2 

HIGHLRNB RRNCH 

4 

R 

20 

5 

2 

HIGHLRNB RRNCH 

1 

C 

2 

7 

3 

HIGHLRNB RRNCH 

3 

R 

2 

23 

3 

HIGHLRNB RRNCH 

X 

B 

8 

14 

. 3 

HIGHLRNB RRNCH 

4 

0 

11 

2 

3 

HIGHLRNB RRNCH 

4 

R 

11 

25 

3 

HIGHLRNB RRNCH 

2 

D 

17 

16 

3 

HIGHLRNB RRNCH 

2 

C 

16 

9 

3 

HIGHLRNB RRNCH 

1 

U 

2 

4 

4 

HIGHLRNB RRNCH 

2 

U 

2 

16 

4 

HIGHLRNB RRNCH 

3 

C 

3 

25 

4 

HIGHLRNB RRNCH 

3 

U 

11 

2 


HIGHLRNB RRNCH 

4 

U 

11 

17 

4 

HIGHLRNB RRNCH 

3 

D 

17 

24 

4 

HIGHLRNB RRNCH 

4 

B 

18 

9 

4 

HIGHLRNB RRNCH 

5 

U 

2 

2 

5 

HIGHLRNB RRNCH 

6 

U 

2 

12 

5 

HIGHLRNB RRNCH 

5 

B 

2 

24 

5 

HIGHLRNB RRNCH 

7 

U 

10 

18 

5 

HIGHLRNB RRNCH 

8 

U 

11 

4 

5 

HIGHLRNB RRNCH 

9 

U 

18 

13 

5 

HIGHLRNB RRNCH 

5 

0 

20 

2 

5 

HIGHLRNB RRNCH 

e 

B 

2 

7 

6 

HIGHLRNB RRNCH 

10 

U 

2 

18 

6 

HIGHLRNB RRNCH 

11 

U 

10 

2 

6 

HIGHLRNB RRNCH 

12 

u 

10 

24 

6 

HIGHLRNB RRNCH 

13 

u 

11 

12 

6 

HIGHLRNB RRNCH 

14 

u 

18 

18 

6 

HIGHLRNB RRNCH 

15 

u 

19 

3 

6 

HIGHLRNB RRNCH 

5 

R 

2 

3 

7 

HIGHLRNB RRNCH 

e 

R 

2 

13 

7 

HIGHLRNB RRNCH 

7 

R 

2 

23 

7 

HIGHLRNB RRNCH 

8 

R 

10 

8 

7 

HIGHLRNB RRNCH 

9 

R 

11 

18 

7 

HIGHLRNB RRNCH 

10 

R 

•17 

2 

7 

HIGHLRNB RRNCH 

11 

R 

17 

25 

7 

HIGHLRNB RRNCH 

12 

R 

20 

11 

7 

HIGHLRNB RRNCH 

13 

R 

2 

14 

8 

HIGHLRNB RRNCH 

14 

R 

2 

24 

8 

HIGHLRHB RRNCH 

.1 *;■ 

P 

4 

IT 

w 

8 

HIGHLRNB FRNCH 

1 1 

P 

i 1 

1 1 

8 

HIGHLRHIi RRNCH 


f: 

w 


c 
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17 

R 

n 

22 

8 

HIGHlANL RhUCo 

16 

a 

16 

2 

8 

HlGHLRNIi RRNCn 

19 

R 

20 

13 

e 

.HIGHLRNO RRNCH 

20 

. R 

20 

23 

8 

'HIGHLRND RRNCH 

21 

' R 

2 

4 

9 

HtCHLRND RRNCH 

22 

R 

2 

17 

9 

HIGHLRND RRNCH 

23 

R 

8 

25 

9 

HIGHLRND RRNCH 

16 

U 

10 

10 

9 

HIGHLRND RRNCh 

6 

C 

17 

23 

9 

HIGHLRND RRNCH 

1 

♦ 

19 

13 

9 

HIGHLRND RRNCH 

1 

B 

20 

3 

9 

HIGHLRND RANCH 

24 

R 

2 

4 

1 

SABLE 

25 

R 

2 

14 

1 

SABLE 

26 

R 

2 

25 

1 

SABLE 

27 

R 

11 

8 

1 

SABLE 

7 

0 

11 

20 

1 

SABLE 

26 

R 

19 

3 

1 

SABLE 

29 

R 

20 

25 

1 

SABLE 

30 

R 

2 

2 

2 

SABLE 

31 

R 

2 

15 

2 

SABLE 

32 

R 

3 

25 

2 

SABLE 

33 

R 

9 

9 

2 

SABLE 

34 

R 

11 

20 

2 

SABLE 

35 

R 

16 

2 

2 

SABLE 

36 

R 

18 

12 

2 

SABLE 

37 

R 

20 

22 

2 

SABLE 

4 

C 

2 

2 

3 

SABLE 

5 

C 

2 

12 

3 

SABLE 

38 

R 

5 

25 

3 

SABLE 

39 

R 

11 

9 

3 

SABLE 

8 

0 

12 

19 

3 

SABLE 

17 

U 

19 

4 

3 

SABLE 

40 

R 

2 

3 

4 

SABLE 

41 

R 

2 

13 

4 

SABLE 

42 

R 

2 

23 

4 

SABLE 

43 

R 

10 

18 

4 

SABLE 

44 

R 

11 

2 

4 

Sable 

45 

R 

16 

10 

4 

SABLE 

46 

R 

16 

25 

4 

SABLE 

18 

U 

2 

2 

5 

SABLE 

19 

U 

2 

14 

5 

SABLE 

20 

U 

3 

23 

5 

SABLE 

6 

C 

9 

8 

5 

Sable 

21 

U 

12 

17 

5 

SABLE 

22 

U 

18 

7 

5 

SABLE 

2 

B 

19 

25 

5 

SABLE 

5 

R 

2 

3 

6 

SABLE 

47 

R 

2 

13 

6 

SABLE 

9 

0 

2 

24 

6 

SABLE 

6 

R 

10 

8 

6 

SABLE 

7 

R 

10 

18 

6 

SABLE 

48 

R 

18 

2 

6 

SABLE 

49 

R 

19 

12 

6 

SABLE 

50 

R 

19 

24 

6 

SABLE 

7 

C 

2 

8 

7 

SABLE 

8 

C 

2 

18 

7 

SABLE 

23 

U 

10 

13 

7 

SABLE 

i A 

1.1 

11' 

4 

» 

SRIi-E 

•* C 

U 

i 

A •• 

22 

• 

SABLE 
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lO 

0 

19 

15 

7 

SRELE 

1 1 

D 

2 

2: 

8 

SRELE 

12 

0 

2 

12 

8 

;SRBLE 

8 

i ft 

6 

21 

8 

6RBLE 

13 

0 

11 

3 

8 

SRBLE 

9 

R 

12 

12 

8 

SRBLE 

le 

R 

15 

22 

6 

SRBLE 

11 

R 

2 

2 

1 

ERST LRKE 

12 

R 

2 

24 

1 

ERST LRKE 

13 

R 

6 

15 

1 

ERST LRKE 

14 

R 

12 

5 

1 

ERST LRKE 

14 

0 

12 

22 

• 1 

ERST LRKE 

15 

R 

18 

12 

1 

ERST LRKE 

le 

R 

2 

2 

2 

ERST LRKE 

17 

R 

2 

12 

2 

ERST LRKE 

18 

R 

3 

21 

2 

ERST LRKE 

19 

R 

10 

7 

2 

ERST LRKE 

2e 

R 

12 

16 

2 

ERST LRKE 

21 

R 

17 

24 

2 

ERST LRKE 

3 

B 

19 

8 

2 

ERST LRKE 

15 

0 

5 

5 

3 

ERST LRKE 

16 

0 

10 

23 

3 

ERST LRKE 

22 

R 

14 

3 

3 

ERST LRKE 

23 

R 

19 

18 

3 

ERST LRKE 

26 

U 

2 

3 

4 

ERST LRKE 

27 

u 

4 

13 

4 

ERST LRKE 

28 

u 

11 

5 

4 

ERST LRKE 

29 

u 

13 

14 

4 

ERST LRKE 

30 

u 

20 

4 

4 

ERST LAKE 

2 

+ 

2 

9 

5 

ERST LRKE 

24 
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3. PPD Classifier Results 

t 

As indicated it was desired to employ the same signatures to classify 
the land cover within the new phase II area as had originally been developed 
for the phase I study of the Fitzsimmons quadrangle. The exact coordinates 
of the grids to be classified by PPD were chosen using the same overlay 
correspondence and 7h* quadrangle registration procedures as described in 
the phase I study. It was apparent that registration was quite accurate 
in the phase II evaluation as it was quite possible to ensure correspondence 
exceeding plus or minus one-^half pixel since the land cover classes were so 
distinctive in these areas. Once the coordinates of each grid were chosen (see 
tables 44-47) , these grids were individually classified using PPD and the 
same signatures listed in table 16 and 17. The classified imagery was output to 
disk file on the Burroughs and thence transferred to disk file on the HP for 
accuracy evaluation. The results of the classification procedure are presented 
in Appendix F.2 . 
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TABLE ’ 44. Coordinates of grids used in the Phase II Analysis of 
the Highlands Ranch quadrangle. * 


Grid Number 

Beginning 
Scan Line 

Enging 
Scan Line 

Beginning 

Element 

Ending 

Element 

Number 
Scan lines 

of 

Elements 

1 

2276 

2296 

1891 

2006 

21 

26 

2 

2276 

2296 

2034 

2059 

21 

26 

3 

2276 

2296 

2086 

2111 

21 

26 

4 

2318 

2338 

1981 

2006 

21 

26 

5 

2318 

2338 

2034 

1059 

21 

26 

6 

2318 

2338 

2086 

2111 

21 

26 

7 

2360 

2382 

1981 

2006 

21 

26 

8 

2360 

2382 

2034 

2059 

21 

26 

9 

2360 

2382 

2086 

2111 

21 

26 


Note that these coordinates are transformed from the original scan line 
and element numbers due to rotation* scaling and geometric corrections used 
in the ORSER program SUBGM. 
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TABLE 45. Coordinates of grids used in the Phase II Analysis of 
‘ the Littleton, Colorado quadrangle. * 


Grid Number 

Beginning 
Scan Line 

Ending 
Scan Line 

Beginning 

Element 

Ending 

Element 

Number 
Scan lines 

of 

Elements 

1 

2276 

2296 

1798 

1823 

21 

26 

2 

2276 

2296 

1851 

1876 

21 

26 

3 

2276 

2296 

1903 

1928 

21 

26 

4 

2318 

2338 

1798 

1823 

21 

26 

5 

2318 

2338 

1850 

1875 

21 

26 

6 

2318 

2338 

1903 

1928 

21 

26 

7 

2360 

2381 

1797 

1822 

21 

26 

8 

2360 

2380 

1849 

1874 

21 

26 

9 

2360 

2380 

1901 

1926 

21 

26 


*Note that these coordinates are transformed from the original scan line 
and element numbers due to rotation, scaling and geometric corrections used 
in the ORSER program SUBGM. 
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TABLE 46. Coordinates of grids used In the Phase II* Analysis of 
the Sable, Colorado quadrangle. * 


Grid Number 

Beginning 
Scan Line 

Ending 
Scan Line 

Beginning 

Element 

Ending 

Element 

Number 
Scan lines 

of 

Elements 

1 

1937 

1957 

2162 

2187 

21 

26 

2 

1937 

1957 

2214 

2239 

21 

26 

3 

1978 

1998 

2162 

2187 

21 

26 

4 

1978 

1998 

2214 

2239 

21 

26 

5 

2020 

2040 

2162 

2187 

21 

26 

6 

2020 

2040 

2214 

2239 

21 

26 

7 

2062 

2082 

2162 

2187 

21 

26 

8 

2062 

2082 

2214 

2239 

21 

26 


Note that these coordinates are transformed from the original scan line 
and element numbers due to rotation, scaling and geometric corrections 
used In the ORSER program SUBGM. 
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TABLE 47. Coordinates of grids used in the Phase II Analysis of 
East Lake (1-6) and Conmerce City (7“9), Colorado * 

i 


Beginning Ending Beginning • Ending Nuiid>er of 

Grid Number Scan Line Scan Line Element Element Scan lines Elt-ments 


1 

1791 

1811 

2017 

2042 

21 

26 

2 

1791 

1811 

2069 

2093 

21 

25 

3 

1791 

1811 

2121 

2146 

21 

26 

4 

1833 

1853 

2017 

2042 

21 

26 

5 

1833 

1853 

2069 

2093 

21 

25 

6 

1833 

1853 

2121 

2146 

21 

26 

7 

1875 

1895 

2017 

2042 

21 

26 

8 

1875 

1895 

2069 

2093 

21 

25 

9 

1875 

1895 

2121 

2146 

21 

26 


Note that these coordinates are transformed from the original scan line 
and element numbers due to rotation, scaling and geometric corrections used 
in the ORSER program SUBGM. 
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4. Accuracy Evaluation and Testing ; 

f 

Using the coordinates produced by the TEST@ program 
accuracy of the BLOCKED and DIFFUSE techniques were evaluated for the phase 
II study area. The coordinates of pixels to be tested had been determined 
through the use of the TEST@ prografn under the criteria discussed in section 
3 above. The program ABSTAT was run on each grid of the phase II area to 
measure the correspondence between the photo-interpreted land cover ground 
truth and the PPD classified LANDSAT data. For each grid of each quadrangle 
a confusion table was produced as previously in the phase I study. A summary 
of these classification accuracy values is presented in table 48. In 
addition to the individual confusion tables presented for each grid in 
Appendix G.2 a cumulative confusion table (table 49) was also calculated. 
Examination of this table shows that there is an overall slight improvement 
in 'overall classification accuracy' when the DIFFUSE technique is used rather 
than the BLOCKED technique. As can be seen by examination of table 30 the 
overall classification accuracy values tend to be much lower for the quad- 
rangls in the phase II study than they were for the quadrangles in the phase 
I study. This is not surprising since the signatures used in classification , 
were deve’^oped within the quadrangles of the phase I study so that it can 
be anticipated they are more representative of the characteristics of the 
land cover classes directly within those areas. As in the phase I study 
the mean and standard deviation for each quadrangle was computed individually 
and these values are reported in table 50. Examination of this table shows 
no clear tendencies for either technique to be superior to the other in 
terms of the mean overall classification accuracy. In two of the quadrangles 
studied the BLOCKED technique yields Improved mean overall classification 
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TABLE 48 . Overall classification accuracy achieved in each grid of 
the phase II quadrangles for each of the two techniques. 


, Overall classification 

' accuracy 

Quadrangle Grid BLOCKED DIFFUSE 


Highland Ranch 


Sable 


East Lake 


1 

0.80 

0.67 

2 

0.57 

0.29 

3 

0.86 

0.86 

4 

0.25 

1.00 

5 

0.17 

0.43 

6 

0.29 

0.71 

7 

0.38 

0.50 

8 

0.86 

0.50 

9 

0.71 

0.57 

1 

0.57 

0.57 

2 

0.63 

0.50 

3 

0.67 

0.83 

4 

1.00 

0.86 

5 

0.13 


6 

0.25 

0.63 

7 

0.83 

0.83 

8 

0.50 

0.17 

1 

0.14 

0.17 

2 

0.57 

0.29 

3 

0.00 

0.50 

4 

0.00 

0,20 

5 

0.25 

0.00 

6 

0.83 

0.40 

1 

1.00 

0.00 

2 

0.40 

0.40 

3 

1.00 

1.00 

H 

5 


0.00 

6 

7 

1.00 

0.50 

/ 

8 

1.00 



9 

0.50 

0.50 


Littleton 


TABLE Cufflulatlve confusion tables and aeasures of accuracy achieved 
illth the (A) BLOCKED and (B) DIFFUSE techniques In the phase II 
study . 


T£i.7 TYPE; BLOCK COORD I MATE 

i 


CUMULRTIVE CONFUSION TftBLE 


page is 

POOR QUALITY 


U) 





MAPPED 

AS 




MAPPING 

CLASS 

T 


R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

1 

R RESIDENTIAL 

<R) 

3 

2 

24 

29 

26 

.90 

.06 

U AGRICULTURE 

<A> 

0 

6 

24 

30 

24 

.80 

. 15 

E OTHER 

<0> 

18 

9 

74 

101 

27 

.27 

.50 

TOTALS 


21 

17 

122 

160 

77 



COMMISSIONS 


18 

11 

48 

77 






• So 

.65 

.39 






OVERFILL CLfiSSIFICflTION flCCURfiCY .52 


PCflLPHfl ERR0R>= .63 


OVERALL MAPPING ACCURACY .40 


P<BETA ERROR) ■ .65 




TEil TYPE: LiFFuEE COORDINATE 


(B) 


CUMULATIVE CONFUSION TABLE 

MAPPED AS 


CLASS 


R 

fi 

0 

T 

R RESIDENTIAL 

CR) 

1 

9 

19 

U AGRICULTURE 

<A) 

0 

15 

10 

E OTHER 

<0) 

11 

22 

66 

TOTALS 


12 

46 

95 

COMMISSIONS 


11 

31 

29 


.92 .67 .31 


OVERALL CLASSIFICATION ACCURACY .54 
OVERALL MAPPING ACCURACY .40 


MAPPING 


TOTALS 

OMISSIONS 

ACCURACII 

29 

2S .97 

.03 

25 

10 .40 

.27 

99 

33 . 33 

.52 

153 

71 



71 


P<ALPHA ERROR)* .63 
P(BETA ERROR) « .57 
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accuracles over that of the DIFFUSE technique. In the other two quadrangles 
the DIFFUSE technique appears to be superior. A more comprehensive examination 
of the relative performance of the two techniques can be obtained by computation 
of the mean and standard deviation of all the grids for all quadrangles combined 
This value Is also reported In table 50 . As can be seen the mean value In- 
dicates a very slight improvement of accuracy using the DIFFUSE technique 
over that achieved by the BLOCKED technique. In table 50 is also the value 
of overall classification accuracy computed using the combined confusion 
table from all of the grids within all of the quadrangles studied. Although 
this value gives a good measure of the relative accuracy achieved by each 
technique, there is no measure of variance available for this value, and 
therefore it is not possible to test for significance of the differences 
observed. It appears that the best value available for testing the relative 
quality of the two techniques is that of the mean of all of the grids combined. 
The two values for BLOCKED and DIFFUSE were compared using a two sample t”test 
using the variances for each of the two techniques reported in table 50 . The 
t-value computed is 0.75 and there is no indication that the Null Hypothesis 
that there is no significant difference in the two means should be rejected. 
Apparently both techniques yield equivalent accuracy when applied to these 
areas . 

This is not the end of the examination, however; another interesting 
feature exists in these data. Examination of table 31 indicates that the 
BLOCKED technique consistently yields higher values of standard deviation 
than the DIFFUSE technique. This was also observed in the phase I study (table 
26) . Thus there is an important question of whether the BLOCKED technique 
does in fact yield significantly higher degrees of variability in classifier 
accuracy than does the DIFFUSE technique. This question was examined 
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by computation of F-statistic given by the ratio of the two variances, with 
the BLCKIKED variance as the numerator. The computed value of F is 1.295 and 
this value is significant at the 75% confidence level, the level previously 
determined to be desired in this study. Thus it is reasonable to reject 
the Null Hypothesis that both techniques yield homogeneous variance in overall 
classification accuracy, in favor of the alternative that the BLOCKED 
techniques yield variances in overall classification accuracy greater than 
the DIFFUSE technique does. Thus we conclude that mean classification 
accuracy is the same in both techniques but the uncertainty in our evaluation 
of that accuracy will be greater when using the BLOCKED technique. This 
would appear to indicate that the BLOCKED technique yields less consistent 
results than does the DIFFUSE technique. An explanation for this observation 
will be suggested in the following section. 
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V. INTERPRETATIONS AND CONCLUSIONS 

Tt has been shown that autocorrelation in the LANDSAT data Is 
present in both areas which were studied, Richmond and Denver. Moreover 
the degree of autocorrelation is different in both areas. In both the 
phase I and the phase II studies it has been shown that classifier 
accuracy is affected by a sampling scheme directed to removing the 
autocorrelation measured in the LANDSAT Images. It is reasonable to 
conclude from these facts that the autocorrelation affects classifier 
accuracy. The parameter of classifier accuracy which is affected by 
the autocorrelation is not the mean overall classifier accuracy, rather 
it is the variance in that accuracy. It was shown that using autocorrelated 
data to develop signatures for the use of digltlal classifiers results in 
less consistent classification than can be achieved if non-autocorrelated 
data are used. In some instances, the autocorrelated data will in fact 
yield better results than non-autocorrelated data. However, in others 
the autocorrelated data yield results considerably worse. 

These observations make sense if the autocorrelation arises from 
characteristics of the terrain being sensed. In particular, it is suggested 
that it is the degree of relation between adjacent slopes which create that 
autocorrelation by their influence on reflected light intensity received by 
the satellite. If it is the case that sometimes the pixels used for 
developing a signature are on the same terrain type as the pixels being 
classified the results of classification can be expected to be of high 
quality. Unfortunately equally frequently or perhaps more so, the terrain 
underlying the pixels to be classified may have different properties than 
the terrian underlying the pixels from which the signatures were developed; 
and so the results will be poor. The use of non-autocOrrelated pixels 
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tp develop signatures for classification can be expected to yield more con- 
sistent remits since they have been taken so as to Include a measure of 
the variability that terrain can induce in reflectance properties. 

The actual effect being induced by the terrain could be as simple 
as the direction in which the slope faces. It is well known that reflectance 
is influenced strongly by slope azimuth and inclination so that if pixels 
are taken from a slope facing one direction to develop the signatures they 
may not yield good classifications for pixels on a slope facing another 
direction. If this is so, then the autocorrelation measured simply gives 
Information on how to sample pixels "randomly" with respect to slope 
direction or, influencing slope characteristics, whatever they may be. The 
suggestion is strong that development of signatures ought not to be done 
independently of the characteristics of the terrain upon \diich those land 
cover classes set. A significant improvement in classifier results 
may be obtained with a technique as simple as development of a signature 
for each land cover class over each principal slope condition upon which 
that land cover class can be found within the region of interest c It would 
be quite reasonable then to examine the question of whether development of 
signatures under conditions in which the terrain characteristics are carefully 
screened and adjusted for could result in improved classifier accuracy. 

This researcher recommends that such a technique be attempted. 
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Appendix A 


Computer Programs Used in the Study 


This Appendix includes only programs written specifically for this 
analysis. They were developed under contract to NASA and as such are the 
property of the U . S . Government . The following programs are included : 


Page 


1. GRNDTH - a program to put photo-interpreted 
ground truth data in discrete com- 
puter-compatable format 


2. BLKFND - a program to discover and enumerate all 
discrete contiguous blocks of identical 
'pixels' of ground truth data 


3. DIFIND - a program to identify all 'pixels' of 
ground truth data which are completely 
surrounded by 'pixels' of the same land 
cover class and which are at least N 
'pixels' away from any 'pixels' already 
chosen, where N is a user definable 
parameter 


4. SIGNAD - a program to combine signatures from two 
areas. A single mean and variance for 
each channel is output 


5. TEST0 - a program to choose 'pixels' for use in 
testing classifier accuracy. 'Pixels' 
are chosen with a user-definable proba- 
bility and are subject to constraints 
of spacing and total number 


6. ABSTAT - a program to test the accuracy of a clas- 
sification technique using pixels chosen 
by TEST@. A confusion table and several 
measures of accuracy are output — — 
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*#**♦*#********♦****♦*«** G R N D T H ********♦*«•♦*****«■********♦***#«■«- 
»«««*«««*««*««««««««*«.««»«*« *«««**«.««*««*««»»»«««*•*««**«««*«««*«•««*«« 


t » 

* THIS PROGRRM IS USED TO INPUT THE DIGITIZED GROUND TRUTH DfiTfi t 

* FOR EfiCH GRID OF THE STUDY flREft. THESE DfiTfi RRE THEN OUTPUT * 

* TO B DISK FILE FOR STORAGE. « 

* « 

* WRITTEN UNDER NRSfl CONTRACT NRS5-26111‘ BY: ♦ 

* * 

* RICHARD G. CRAIG * 

* DEPARTMENT OF GEOLOGY ♦ 

* KENT STATE UNIVERSITY « 

* KENT, OHIO 44242 « 

* 


*************♦***♦*****«***#♦**#***♦*********«♦**♦***##»**«******#***** 


OPTION BASE 1 

DIM L&nd_couerf <21,26>C2],Regionf Ci] 

No_scan__l ine&=21 
No_el ements=26 

INPUT "WHAT REGION? <D»DENVER, R=R ICHMONL ) " , Rcgi on* 

IF Rcgion*="R" THEN No_scan_1 i ncs=13 

IF Region*="R" THEN No_c1 efnents*16 

REDIM Laind_cower*<No scan 1 i nes, No__e1 ements> 

Quad*="" ” ■" 

IF Region»="R" THEN INPUT "WHICH CURD? CS=SEVEN PINES, C*CHESTERFIELD> " , Cu 


INPUT "WHAT GRID NUMBER?" , Gr; d_number 
Answer*="N" 

INPUT "WOULD YOU LIKE TO VIEW AN EXISTING FILE? < Y/N Answer* ‘ 

IF Answer*="Y" THEN 410 
FOR Scan_line=l TO No_scan_1 i nes 
FOR Elemental TO No_elements 

INPUT Land_c ouer*< Sc an_l ine,E lenient) 

PRINT USING A" ; Land__cover*<Scan_l i ne, El ement ) 

NEXT Element 
PRINT 

NEXT Scan_1ine 

IF Answer*="Y" THEN ASSIGN #1 TO Regi on*&Quad»&VAL* <Gr 1 d_number >1." : F8" , Re t 
uar i abl e 

IF <Rnswer*="Y"> AND CReturn uariableOO) THEN PRINT "FILE NOT FOUND" 

IF Cfinswer*="Y") AND CReturn”uari abl eO0) THEN 240 
IF Answer *="Y" THEN MAT READ #1 ; Land__cover* 

Answer**"N" ~ 

IF Ariswer*="Y" THEN INPUT "WHAT SCAN LINE?" , Scan_l i ne 
IF Rnswer*="Y" THEN INPUT "WHAT ELEMENT?" , El cment 

IF Answer**" Y" THEN EDIT "GIVE NEW VALUE ", Land_c over* < Sc an_l i ne, El ement > 
Answer**"N" ” ” 

CALL Print out<Land cover*<*>,No scan_l i nes, No el ements, 16) 

INPUT "RNY""ERR0RS? Ty-^N) ", Answer* 

IF Answer*«"Y" THEN GOTO 460 
IF Region*»"R" THEN Region name**"RICHH£)ND'' 

IF Region*«"D" THEN Regi on3na«e**"DENVER" 

IF ■ ori* = "F'’ :■ AN! ■ •6u.&d*="C" ) THEN Quad riari>e*="CHESTERFIELD" 
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5t C IF < R6gion»="R’ ^ RMIi cG!uid»="S" > THEN Qu*d_ri*me»='*SEVEN FINES" 

?■’& IF Pegiont = “r" THEN Quad_r,amef="FITZ£IMMDN£ " t 

£80 PRINTER IS 11 

£90 PRINT Region nemet; TR6(20> ; Qued name*; LINC 1 >; "GRID *;Crid number 
€00 PRINT " “ ” “ 


€10 PRINTER IS 16 

€20 CRLL Print out CLand_couer*<«> • No scan H nes^ No_e1 ements, 1 1 > 

€30 finsuer**"N” 

€40 INPUT "ANY ERRORS? CY/N) ", Answer* 

650 IF Answer#-" Y" THEN GOTO 460 
€60 Answer*»"Y" 

€?0 INPUT "WOULD YOU LIKE THESE ON DISK? C Y/N> ", Answer* 

€80 IF Rnswcr#-"Y" THEN ASSIGN #1 TO Regi on*feQuad*&VAL*<Gr i d_number )i" ; F8" , Ret 
urn variable 

€90“ IF <Answer*="Y"> AND <Return_var i abl e=l ) THEN CREATE Regi on*ScQuad*«.VAL*<Gr 
id number>8<" : F8" , I , No_scan 1 i nes*No_e1 ements*6+4 

700 IF Answer*="Y" THEN ASSIGN #1 TO Regi on*8.Quad*&VAL*<Gr i d number)*" ; F8" 

710 IF Answer*-"Y" THEN MAT PRINT #l;Land cover* 

720 END 

730 SUB Pri nt^out <Land_couer*<* ) , No_scan_l i nes, No_e 1 emer* s, Uni t > 

740 OPTION BASE 1 

750 DIM Dummy*<2€>[n,Dummy>2*<26)C13 

7€0 REDIM Dummy*(No el ements) , Dutnmy2*<No elements) 

770 PRINT PAGE 

780 PRINTER IS Unit 

790 IF Ne elements=16 THEN PRINT RPT*<CHR*<228> , 18) , RPT*<CHR*(228> , 18) 

SO0 IF No“e1ement=.=26 THEN PRINT RPT* <CHR*<228> , 28) , RPTf <CHR*<228> , 28) 

S10 FOR 1*1 TO No_scan_l i nes 

S20 FOR J*1 TO No_elements 

830 Dummy*<J)=Land_couer*<I, J)Cl; 13 

840 Dummy2*< J)*Land cover*C I , J) E2; 1 3 

£50 NEXT J 

S€0 IF No_scan_l ines-13 THEN PRINT USING " A, ISCA) , A, 12X, A, 16< A) , A" ; CHR*<25 

1 > , Dummj^* < * ) , CHR* <231), Dummy2* < * ) , CHR* <231) 

870 IF No_scan_1 ines*21 THEN PRINT USING " A, 26< A) , A, 12X, A, 26 < A) , A" ; CHR*<23 

1 ;■ , Dummy* <*) , CHR*<231 ) , Dummy2*<*) , CHR* <231 ) 

880 NEXT I 

890 IF No_e1ements=l6 THEN PRINT RPT*<CHR* <228) , 18) , RPT* <CHR* <228) , 18) 

900 IF No_elements=26 THEN PRINT RPT*<CHR*<228) , 28) , RPT*<CHR*<226) , 28) 

910 PRINTER IS 16 

920 SUBEND 

930 ! *#******♦***♦♦♦****♦*♦*♦****♦«**♦*************♦***♦*********»** #««*«* 

^ ♦ 

940 I * 

950 ! * END 


9€0 

* 

970 


« 

#*#****#♦*#*♦*****♦********♦■*■♦♦•*»•*•*#«•********♦****«■****«•**«•**♦«•♦♦♦**# 
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10 
Z'O 
SO 

•40 

60 
ro 
&-0 
?<o 
100 
110 

120 
1 :-!0 
1 40 
ISO 
U‘0 
170 
ISO 

1 SO 
200 
210 
220 

2 30 

F:egi ont T 1 ] , Qu«dt [ 1 ] 


« 

* 

« 

« 

« 

i* 

« 

*■ 

« 

♦ 

♦ 


THIS PROGRRM IS DESIGNED TO LOCRTE ALL CONTIGUOUS BLOCKS 
OF GROUND TRUTH PIXELS BELONGING TO THE SAME LAND COVER 
CLASS NOT ON THE BOUNDARY OF THE BLOCK. EACH DISTINCT GROUP 
IS IDENTIFIED, AND THE TOTAL NUMBER OF PIXELS IN THAT BLOCK 


IS PRINTED. 
URITTEN UNDER 


NASA CONTRACT NAS5-2611i BY: 

RICHARD G. CRAIG 
DEPARTMENT OF GEOLOGY 
KENT STATE UNIVERSITY 
KENT, OHIO 44242 


« 

« 

« 


OPTION ERSE 1 

DIM Kounts<546) , Pi x«,‘l ♦< 13, 16) , Group < 13, 16) , Symbo 1 4C546) C2] , Nei ghborsCS, 2) , 


2-40 
250 
260 
adt 
2‘^0 
230 
230 
: 30 
S10 
S20 
330 
;-40 
S50 
ise 
•70 
380 
■S90 
400 

s <*) , Si z«: 


INPUT "WHAT REGION? <D»DENVER, R-RICHMOND) " , Regi on* 
Qu*d*®" " 

IF Region*=“R" THEN INPUT "WHICH QUAD? <S=SEVEN PINES, 


C»CHESTERFIELD)",Ou 


INPUT "WHAT GRID NUMBER? ", Gr i d__nun>L*r 

ASSIGN 41 TO Region*&Quad»&VAL*<Grid_number)l(":H8,0, I'^Return^vAri^blfi- 


PRINT 
240 


IF Rev *'n_vjfcri*ble<>0 THEN 
IF Ret.urn_v*ri abl e<>0 THEN 
MAT READ 41;PixeU 
Max_group*0 
No_sc«n_1 ine»*13 
Ho_« 1 emenv s*: 16 
MAT Kount£=2ER 
MAT Group=2ER 
PRINTER IS 0 

FOR Sc*n_line=l TO No__*cah_l i nes 
FOR E1cnient>=l TO No element* 


"FILE NOT FOUND" 


CALL Ne i ghborhood< Sc *n_1 i ne, E 1 eoent ; No_»c*n^l i nes, No_e1 ement s , Neighbor 


410 
420 
430 
, 2 )) 

440 
i t_1 oop 


Member®0 
FOR Join=i TO Size 

IF Pi xel *CScen_1 i ne, El ement )»Pi xe 1 # <Ne i ghborsC Joi n» 1 ) , Nei ghbor»< Joi n 
THEN Men\ber*Joi n 

IF Member AND (Group <Nc i ghbor* < Joi n, 1 ) , Nei ghbor* < Joi n, 2 ) X >0) THEN E 


Symbol *<N*x_group)«Pi xel *<Sc*n_l i ne,E1 ement ) 

540 

Gr oup (Sc *n 1 i ne , E 1 ement '' = Group (Ne i ghtor s ( Membe r , 1 


450 

NEXT Join 


460 

IF 

NOT 

Member 

THEN 

470 

IF 

NOT 

Member 

THEN 

480 

IF 

NOT 

Member 

THEN 


IF 

NOT 

Me rubier 

THEN 

u 

‘ ‘ ( ci 

: IF 

Member 

THEN 

’iv . : ■ . 


.•oc- , 

2 ’ ) 
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S 2 V 

Mai C 

T20~' 
Group < 
?30 

i tiwbol 
T40 
550 
560 
= 70 
580 
590 
600 
610 
620 
€30 
643 
650 
660 
670 
680 
690 
700 
710 
Size) 


!'=■ Mf ruber ftHD <.GrcupO>lei ghbors<M€fnber , 1 , Nei ghbors<M6mber , 2> >■0^ THEN' 

: _group+l 

IF Member AND CGroup<Nei ghbor*<Mee)ber, 1 > , Nei ghbor*<Men‘ib6r , 2> THEf> 

Sc *n_l i ne, El ement >*M*x_group 

Tf Member RND <Group<Nei ghbor»<Member, 1 > , Nei ghbor*<Member, 2> >«0> THEM 
$<M*x___group>*Pi xel $<Sc*n_l i nepEI ement > 

Kount»<Group<Sc*n 1 i ne, El ement > )-Kount»<Group<Sc*n 1 ine,Element>>4-l 
PRINT USING "•,ft''TCHRt<Group<Sc«n_1 Ine, Element >4647 , 

NEXT Element 
PRINT 

NEXT Scmn_Hne ORIGINAL PAGE IS 

Reg i on__nmme$*'' DENVER" Qp pQOR QUALITY 

IF Region»«"R" THEN Regi on_nmme*»"RICHMOND" ^ 

Quad namefB"" 

IF Quad**"C" THEN Quad_name»*"CHESTERFIELD" 

IF Quadf*"S" THEN Quad name** "SEVEN PINES" 

PRINT LIN<2>, "REGION. . 7 " ; Regi on_namet, SPfl< 101» , Quad_name# 

PRINT "GRID. . . ";Grid_number,LIN<2> “ 

CALL Output<Symbol*C#>,Kounts<*>,Max group) 

PRINTER IS 16 
BEEP 

DISP "ALL DONE" 

END 

SUB Ne i ghborhood <Scan__l i ne, El ement , No_»c an__l i nes, No__el ement a, Nel ghbors<4 ’ , 


720 

OPTION BASE 1 


730 

Si ze*0 


740 

FOR Row=Scan line-1 TO Scan 1ine+l 


750 

IF <Row<l) OR <Row>No scan lines) THEN Bypass row 

760 

FOR Co 1 umn=El ement-1 TO Elemental 


770 

IF <Column<l> OR <Co1umn>No elements) THEN Bypass column 

780 

IF <Row=Scan line) AND <Col umn*El ement ) 

THEN Bypass^col umn 

790 

Si ze*Si zc+1 


000 

Nei ghborsCSi ze, 1 )»Row 


810 

Nt i ghbors<Si ze, 2)*Col umn 


820 

Bypass col umn: NEXT Column 


830 

Bypass row: NEXT Row 


840 

SUBEND 


350 

SUB Output (Symbol *<*) , Kounts<*> , Hax_group) 


860 

OPTION BASE 1 


370 

DIM Target symbol*[2] 


880 

PRINTER IS 0 


390 

PRINT "BLOCK CHARACTER LAND COVER 

NUMBER", LIN(l) 

900 

FOR 1*1 TO Max group 


910 

Target symbol *»5Symbol *< I ) 


920 

IF Target symbol**"" THEN Next__i 


930 

FOR J*l TO Max group 


940 

IF Target symbol **Symbol *<J> THEN PRINT 

USING "5D,5X,5A, 10X,5A,5X, 

*» e f 
t ^ 9 

CHR*< J+64) , Symbol *<J) , Kountsv J) 


950 

IF Target symbol **Symbol *<J) THEN Symbol * <J )»" " 

960 

NEXT J 


970 

PRINT " 

<1 


SSO Next_i:NEXT I 
990 PRINTER IS 16 

1000 SU^END 

1010 ! *####***##♦*«*■*■*****«*♦**********♦*■»♦***■»•****♦«*•**«■***♦*♦*•♦**«•#*«■♦***'► -^ 

1020 I « • 

1030 ! • END * 

1040 ! 4 * 

1050 ! *###♦* ****e*«-****4***** *♦♦♦**##*** *♦*♦**♦**♦♦ 444*-*****»**»**^****i-^r4»«-*+‘** 
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20 

30 

40 

50 

50 

70 

30 

30 

100 

lie 

« 


««*««««««««« 

«««»«««««»«««'«« «««««« 

D I F I N D ♦#*♦****##*#«**♦»*##«■#♦•»*****■» 
«»•««*«««»««««-««•««««««««»««»«*««««««««»«««»««»««««««««««■««»*#««*•«*«#•» 

« « 

♦ THIS PROGRRM EXAMINES THE GROUND TRUTH DATA FILES TO DETERMIHE * 

# THE MAXIMUM NUMBER OF PIXELS OF EACH LAND COVER CLASS THAT * 

» COULD BE AVAILABLE FOR USE IN THE EXAHIHATIOH OF CLASSIFIER * 

* ACCURACY. THIS INFORMATION IS THE BASIS FOR DECISIONS BY THE ♦ 

« TESTO PROGRAM ABOUT UHICH PIXELS ACTUALLY HILL BE USED FOR THE 


120 

130 

140 

150 

160 

170 

160 

190 

200 


* ACCURACY EVALUATION. 

# 

* WRITTEN UNDER NASA CONTRACT NAS5-26111 BY: 

* 

« RICHARD G. CRAIG 

* DEPARTMENT OF GEOLOGY 

* KENT STATE UNIVERSITY 

« KENT, OHIO 44242 

* 


♦ 

* 

*• 

+■ 


■)( 


210 




220 OPTION BASE 1 

230 DIM 0k<23,27),U£eAbUC23,27>,Pix*l*<23,27>C23,SymboltC2)C23,S*ii»pl«»<621,3 ■ 
, Regi' ont [ 1 ] , OuAdtC 1 3 , Loc At i on(23, 27> 

240 DATA ''A","L'' 

250 MAT READ Symbols 
260 Miri_dist«9 
270 Try_AgAi n: Max__»1 *21 
200 Max t1«26 
290 RegIonS="D" 

300 INPUT "WHAT REGION? <D*DENVER, R»RICHMOND> " , RAgion* 

310 QuAdt>"" 

320 IF RAgionS«"D" THEN 
330 PRINTER IS 16 

340 PRINT TAB<35> , 

350 PRINT TAB<35), "1=FITZSIMM0NS" 

360 PRINT TAE<35>, "2=HIGHLRND RANCH" 

370 PRINT TAB<35), "3«SABLE" 

380 PRINT TAB<35>, "4-EAST LAKE" 

390 PRINT TAB<35>, "5-LITTLETON" 

400 PRINT TAB<35>, "6-COMMERCE CITY" 

410 PRINT TAB<35> , "4*4**#*«*******##*##*«*t#" 

420 END IF 
<*30 QuAd-3 

440 IF R»gionS*"D" THEN 

450 INPUT "WHICH QUAD? < 1 , 2, 3, 4, 5, 6> " , QuAd 

460 DATA "FITZSIMMONS", "HIGHLAND RANCH" , "SABLE" , "EAST LAKE" , "LITTLETON" , "CCn 
HERCE CITY" 

470 DIM QuAd nAmA»S<6> 

480 MAT READ^QuAd^nAmAsS 

490 QuAd_nAmA$BQuAd_nAme&t(QuAd> 

500 END IF 

510 IF RAgion*-"R" THEN INPUT "WHICH QUAD? <S»SEVEN PINES, C»CHESTERFIELD> " , Cu 
Ad* 

520 Gt‘ 1 ds 1 

530 ii.Pv' "kHAT GPID NUMDEP>‘',Gf \d 


570 
580 
590 
500 
510 
520 
530 
540 
550 
560 
570 
560 
590 
700 
710 
720 
730 
740 
750 
760 
770 
780 
790 
800 
810 
820 
630 
840 
850 
860 
870 
880 
890 
900 
910 
920 
930 
940 
950 
960 
970 
980 
990 
1000 
1010 
1020 
1030 
1040 
1050 
1060 
1070 
1080 
1090 
1100 
1110 
1 i:c. 


IF C‘u=td = 4 THEM 


IF CCnd*2) OR <Crid*5) THEN M*x_*l«25 
END IF 

IF <Quad>6) 8ND (Grid-2> THEN Max *1>25 
IF 0uad>2 THEN ” 

IF Crid»7 THEN 
Hax si >23 
Hax"*l«27 
END IF 

IF Crid«e THEN Max si *23 
IF Crid-9 THEN Max“s1>22 
END IF 

IF <Quad»5> AND <Grid*7> THEN Max si -22 
END IF 

IF RegionF-"R" THEN 

ASSIGN «1 TO Regior)f&.Quadt&VAL$<Grid>t<":H8,0, 1", 
Max_sl *13 
Max v1*16 
END IF 

DIM Fi 1 e_namest<6> 

DATA "D", "RANCH", "SABLE", "E.LKE", "LITLN" , "CCITY" 
MAT READ File names* 

IF Region**"D" THEN 

Fi 1 e^name**F1 1 e_natnes*<Quad) 

Fi 1e_name*=Fi 1 e_nam€ *&VAL*<Gr i d>&" : H8, 0, 1" 

ASSIGN #1 TO Fi 1 e_name*, Return variable 
END IF 

IF Return_variab1e THEN PRINT "FILE NOT FOUND" 

IF Return__vari abl e THEN Try_again 
REDIM Pixel*<Max sl,Max_e1> 

REDIM Ok<Max sl,Max_e1) 

REDIM Useable<Max_s1 ,Max_el> 

REDIM Local i on CMax_s1 ,Max_el > 

REDIM Samples<Max sl*Max_el,3> 

MAT READ il;Pixel? 


ORIGINAL PAGE IS 
OF POOR QUALITY 


Return variable 


Mi n_di St *9 

INPUT "WHAT DISTANCE SHOULD SEPARATE SAMPLES? (DEFAULT IS 9>",Min_dist 
PRINTER IS 0 


Region name** "DENVER" 

IF RegTon**"R" THEN Regi on_name*="RICHMOND" 

IF Quad**"S" THEN Quad_name*=" SEVEN PINES" 

IF Quad*="C" THEN Guad_name*="CHESTERFIELD" 

PRINT LIN (4 ), "REGION. Regi on name*;" ";Quad_name* 

PRINT "GRID ";Grid,LIN<2> 

PRINTER IS 16 

CALL CentersCMax si, Max el , Useable<«> , Pi xel *(«> > 

PRINTER IS 0 ” 

PRINT LIN<2>. " COUNT SYMBOL SCAN LINE ELEMENT " 

PRINTER IS 16 

MAT Locat i on*(255> 

Kount*0 

FOR C1ass*l TO 2 
MAT Ok«(l) 

C1ass_kount*0 
FOR S1>1 TO Max si 
FOR E1>1 TO Max_el 

IF (Cl a.-f._kouni > = 4> AND <Min_dist=l> THEN 1260 
Want =8 


ORIGINAL PAGE IS 
OF POOR QUALITY 


145 


hEW WiiriV-i 

ii4e 

use 
1160 
1170 
1100 
1190 
1200 
1210 
1220 
1230 
1240 
1250 

1260 NEXT El 

1270 PRINT 

1280 NEXT SI 

1290 PRINTER IS 0 

1300 IF Cl*£S_kount THEN PRINT 

1310 PRINTER IS 16 

1320 NEXT Class 
1330 PRINTER IS 0 

1340 PRINT LIN<2>. " LOCRTIONS TF SRtIPLES USERBLE RT fl DISTANCE OF ";t1in dist,L 
IN<2> 

1350 UnH»0 

1360 INPUT "WHRT UNIT SHOULD I OUTPUT THE INFORMRTION TO? <8«THERMRL, 16»CRT> “ 
, Un i t 

1370 CALL Output <Loc*t i on<*> , Max_sl , Max^el , Uni t > 

1380 PRINTER IS 16 
1390 Disk copy4*"N" 

1400 INPUT "DO YOU WRNT THESE COORDINATES STORED? <YxN>",Disk copy$ 

1410 IF Disk_copy$="Y" THEN 
1420 T*st_type»*"DC" 

1430 IF Min_dist=l THEN Test_typs»*"CC" 

1440 Fi 1 e_n*mef=Test_type4&Regi ontfcQuadttiVRLtCGf'i d>8»" ; H8, 0, 1 " 

1450 CRERTE F i 1 •_n*n'ief, Kount <^3+ 1 , 8 
1460 REDIM Samp! *s<Kount , 3> 

1470 ASSIGN #2 TO File namet 

1480 PRINT 42;Kount 

1490 KRT PRINT «2;Samples 

1500 ASSIGN « TO «2 

1510 BEEP 

1520 PRINT #Llnit; "COORDINATES ARE STORED IN FILE "8.Fi1e namet 

1530 END IF " 

1540 END 

1550 SUB Nei ghbors<Sl , El , Ok <*> , Mi n distjMax s1,Max el > 

1560 OPTION BASE 1 ' “ ~ 

1570 FOR I»1 TO Max_sl 

1580 FOR J=1 TO Max el 

1590 IF FNDist<Sl7El , 1, JXMin dist THEN Ok<I,J>*0 

1600 NEXT J 

1610 NEXT I 

1620 SUBEND 

1630 DEF FNDist(S1,E1, I, J> 

1640 Dist-C<Sl-I>'^2+<El-J>^2)-^.5 

1650 RETURN Dist 

1660 FNEND 

1670 SUB Nei ghborhood<Sl , El , Max_s 1 , Max_el , Border(*> , Si ze) 

ItiC* OrTlC'J BASE 1 


'.F". S-’ . El ■ = £■ -rLbcU* C ; ais • ' RNI- Or -l.E!: AND Us.abU S1,E' 


IF Want THEN 

CALL Neighbors<S1 ,E1 , Ok <*> , Mi n_di st , Max_s'i ,Max_^el ) 

Kount»Kount + l ~ "* 

Cl ass^kount»Cl ass_kount4-l 

8a«pl esCKount , 1 )bS1 

Sampl esCKount , 2>>E1 

Sampl es(Kount , 3>>C1 ass 

Loc at i on<Sl , El >*NUM< Symbol $(C1 ass> > 

PRINTER IS 0 

PRINT USING "5D,7X,2A, 10X,DD, 12X, DD" ; Kount , Symbol t (Cl ass> , SI , El 
PRINTER IS 16 
END IF 


- 146 - 
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4 

i 1 2«=t’ 

■ 

i^00 

FOR R>S1-^1 TO Sl + 1 - c 


1?10 

IF <R<1> OR <R>M*x sl> THEN Bypass r \ 


1720 

FOR C-E1-1 TO E1+1 

'• - 

1730 

IF <C<1) OR (OMax el> THEN Bypass c 


1740 

IF <R»S1> AND <C«eT) then Bypass^c" 


1750 

81za«Siza+l ~ 

. 

1760 

BorderCSi zc, 1 >*R 


1770 

Bord»r(S1 ze, 2>>C 


1780 

Bypassed NEXT C 


1790 

Bypass rlNEXT R 


1:-|00 

SUBEND 


i:510 

SUE C«nters<Max si, Max cl , Useabl e <*) , Pi x* 1 $<*> ) 


1S20 

OPTION BASE l” 


1S30 

DIM Border<8,2> 


1 840 

PRINTER IS 0 


1350 
1 860 

PRINT "PIXELS NOT ON THE BORDER OF A CLASS BLOCK" , LIN<2 > 
FOR I«1 TO Max si 


1870 

FOR J»1 TO Max el 


1880 

Uscab1c<I, J>=1 


1390 

Numbcr_thc__samc®0 


1 800 

CALL Nei ghborhood< I , J, Max si, Max cl , Border <♦>, Si ze> 


1910 

FOR K-1 TO Size 


1920 

0 

1930 

IF PixeU<I, J><>Pixe1#<Border<K, l),Border<K,2>) THEN 

Useabi e< 1 , J) = 

IF Pi xel S< I , J>=Pi xel S<Border<K, 1 > , Border<K, 2) > THEN 

Number__the_safii 

4»Nunfiber tht same+1 


1940 

NEXT K 


1950 

IF Number the same<0 THEN Useabi e< I , J >«0 


i860 

PRINT USING "i,D";Useable<I, J> 


1970 

NEXT J 


1980 

PRINT 


1990 

NEXT I 


2000 

PRINT LIN<2> 


2010 

PRINTER IS 16 


2020 

SUBEND 


2030 

SUE Output <Locat i on<*> , Max si, Max el, Unit) 


2040 

OPTION BASE 1 


2050 

PRINTER IS Unit 

f 

2060 

FOR I-l TO Max si 


2070 

FOR J=1 TO Max el 


2080 

PRINT USING "#,A";CHRS(:Location<I, J)> 


2090 

NEXT J 


2100 

PRINT 


2110 

NEXT I 


2120 

PRINT LINC2) 


2130 

PRINTER IS 16 


2140 

SUBEND 




SIGNAD 
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10 

Id 

so 

40 
53 
t'3 
73 
£3 
93 
130 
1 10 
120 
130 
140 
150 
16:0 
170 
130 
130 
230 
210 
220 
230 
240 
250 
260 
270 
280 
290 

see 

HO 

320 

330 

340 

350 

360 

370 

380 

390 

400 

410 

420 

430 

440 

d dew 

450 

460 

470 

480 

490 

500 

510 

520 

530 

540 

550 

560 


! RE-STORE “SIGNflD" 

! «««*««««««««««•««««'«*««« ««««*««*«««*«'«««««««««««»«««*« «*«««»««««’«'«« 
t e********************************************************************** 

I ************************ S I G H R D ********************************** 

! «*««««•«*»***«'«**«**««««*«*«««««**«**«««««*«*««*««**«*«*«««’*«««*««*••«#. 
! **********#**********»****♦**•*■******■*«*«***♦•«■***♦*«***♦*♦**♦*«**♦##**** 


« e 

* THIS PROGRRM COMBINES STATISTICS FROM INDIVIDUALLY DEVELOPED ♦ 

* SIGNATURES TO PRODUCE A SINGLE SIGNATURE FOR USE IN THE ♦ 

* CLASSIFICATION OF LANDSAT DATA. * 

* « 

* MRITTEN UNDER NASA CONTRACT NAS5-26111 BY: * 

* * 

* RICHARD G. CRAIG ♦ 

* DEPARTMENT OF GEOLOGY ♦ 

* KENT STATE UNIVERSITY * 

* KENT, OHIO 44242 * 

* * 


! ♦♦**«*■»*»♦***************♦**♦*****************«*■*♦**********♦**♦**♦****: 

INPUT "STANDARD DEVIATION MULTIPLIER?", K 

FIXED 2 

Sums*0 

Stimsq=0 

Ns*0 ■ 

INPUT "IDENTIFIER FOR THIS SIGNATURE?" , Ident i fi er 4 

INPUT "MEAN?", Mean 

INPUT "VARIANCE?", Variance 

INPUT "SAMPLE SI2E?",N 

Ns*Ns+N 

Sum=Mean*N 

Sums=Sums+Sum 

Sufftsq=Sum^2/'N+<N-l >*Var i ance 

Surn£sq=SuiriSsq4Sum&q 

An£wer$="Y" 

INPUT "ADD ANOTHER SIGNATURE? < Y/N >", Answer* 

IF An£wer*="Y" THEN 260 
Mean=Sumi/'Ni 

Vari ance=<Sums£q-Sums'^2/Ns)/<NS“l > 

St andard_dew=Var i ance-*'. 5 
Upper=Mean+K*St andard__dew 
Lower=Mean-K*St andard dew 
PRINTER IS 0 
PRINT Identifier* 

PRINT "MEAN = ";Mean; " VARIANCE=" ; Vari ance; " STANDARD DEVIATION*"; Stand 

PRINT "UPPER*" ; Upper; " LOWER*" ; Lower *, LIN< 1 > 

PRINTER IS 16 
Answer**" Y" 

INPUT "COMPUTE ANOTHER SIGNATURE? < Y/'N >", Answer* 

IF Answer**"Y" THEN 210 

BEEP 

END 

! *********«*****«•»♦***«•***♦♦*♦■*•*•*• **«•*•*«•***■*•******♦***»#***•*• ***********i A 

! # * 
! * END ♦ 

! ■.> * 

! *****************■’■ .-*******»****e***********«**A*»*«*******«*******«-**r *■ 



TEST® 
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l« ! RE-ST ORE “TESTli; H8, 0, 0“ 

i‘0 ! ********************************************************************* 

'■;0 ! «««««««’«**««««« «*«**««««««*«««««■# 

40 I ■»**«■♦«*■»*«•♦•»**♦#«■****♦***** TEST# **************Hf****************** 

50 I 

60 ! ****♦***■•♦***********♦*********«■*»*♦****«*♦♦**•**********♦«**********♦* ^ 

70 ! * * 

80 ! * THIS PROGRAM CHOOSES flPPROPRIflTE PIXELS FOR TESTING CLASSIFIER # 

90 ! * ACCURACY, SUBJECT TO CONSTRAINTS ON THE PROBABILITY OF 

100 ! * SELECTION, TOTAL NUMBER DESIRED, AND SAMPLE SPACING. THE 

lie ! * PIXELS CHOSEN ARE OUTPUT TO A DISK FILE FOR USE IN THE ABSTAT 


120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
30 
40 
50 
260 
2 70 
■ 8 > 
280 
2 90 
2 00 
7 10 
?20 
230 
?40 
350 
7 60 
:-70 
330 
?90 
•i00 
410 
4 20 
4 30 
440 
450 
460 


* 

* 

* 

* 

« 

* 

* 

♦ 


PROGRAM. 

HRITTEN UNDER NASA CONTRACT NAS5-26111 BY: 

RICHARD G. CRAIG 
DEPARTMENT OF GEOLOGY 
KENT STATE UNIVERSITY 
KENT, OHIO 44242 


* 

* 


! ***♦**■»•#•**********■*•«****♦***********« «■**«*****•» «*********************« - 
BEEP 

DISP "DIMENSIONING THE ARRAYS" 

OPTION BASE 1 
PRINTER IS 16 
PRINT PAGE 

COM Quad_names4<6> , Begi n_quad<3) , End_qu*d<3> , Begi n__gri d<8> , Number__of_gri f 

DIM 0k(21,26>,U£eab1e<21,2€>,Loc«tion<21,26>,Pixe1*<2I,26>I2] 

DIM Sampl es( 500, 5>, Border- <8, 2> 

DIM DeriMer^courit <20> , Ri chmorid^couni <20> 

DIM Denver symbol 4C20> C23 , Ri chmond_symbol »<20) C23 , Phase 2 symboT*<20> C23 
DIM Symbol?<20>C23 
DIM Phase_two_count <20) 

DIM Cl ass_kount <20> , Cut_of f _count < 20> 

DIM Max_sl<8, 12>,Max_el<8, 12) 

DIM Fi 1 e_nanies$<8) , Regi on_names»<3) , Test__type__names4<2> El] 

DIM Number__quads_i n<3) , No_symbol s_per <3> 

! *****•»•*****♦«*****»****♦****«****•*•**«•*■•*•♦**♦****■*■***»*»*•*•**■*•*#♦♦*■*•**<**- 
! * 

! * THE NEXT SEGMENT IS DESIGNED TO INITIALIZE THE DATA SETS TO BE ^ 

! * USED. ^ 

! * 

! ***♦*♦»«•********#*******♦**♦**«•*•*•***«■***»***«***•*#*«•**♦********♦*****»» 
BEEP 

DISP "INITIALIZING THE VECTORS" 

DATA "L", "A", "U", "E", "C", "D", "H", "HN", "LN", "CN" , "R+" , "R" , "L-", "G", "H-", "L 
"T", "E" , "F", "W" 

470 MAT READ Ri chmond_symbo1 $ 

480 DATA "C", "L", "U", "E", "A", "D" , "H", "HN", "LN", "CN", "R+", "P", "E", "R" , "F" , “C" . 
t'", "M", "T", " " 

490 MAT READ Denver_symbo1 * 

500 DATA "A", "U", "R", "0", "C", "D", "W", "B", "T", 

II II M II II 

510 MAT READ Phase_2_symbo 1 » 

520 DATA 5,8,0,1,1,3,0,0,0,1,0,0,2,0,0,0,1,0,29,0 
530 MAT READ R i c hmondc ount 

5 40 It A 1 n S , t , 0 , 7" , 4 , c , 1 , 0 , ;7 . 1 , 1 , 6 ,0,2. 0 .0,1, 0 . 0 . 0 
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“to 


C-r-t' 


IlH'! ^EF<1' I>erii^e» _ coufiT- 
DftTrt 2r, 30, 50, 1 1 , c., t , 


> » 


5,1, 1 


ORIGINAL PAGE IS 
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1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 


57*3 MmT REHL Ph*se_two_count 

5£0 MAT Begin grid*C0N 

530 DATA 9,9,6,6,9,3,12,12 » 

603 MAT READ Number of grids 

613 DATA "FITZSIMMONS", '.'HIGHLAND RANCH", "SABLE", "EAST LAKE" , “LITTLETON", ■COM- 
MERCE CITY", "SEVEN PINES", "CHESTERFIELD" 

613 MAT READ Qued_nemest 

633 DATA "D" , "RANCH" , "SABLE" , "E. LKE" , "LITLN" , "CCITY" , "RS" , "RC" 

640 MAT READ File_n*mes$ 

650 DATA 2, 1,5 

6c0 MAT READ Number_queds in 

670 DATA 7,1,2 

6S3 MAT READ Begin_nuad 

690 DATA 8,1,6 

703 MAT READ End__qued 

730 DATA "PHASE I, RICHMOND" , "PHASE I, DENVER" , "PHASE II, DENVER" 

710 MAT READ Reg i on_names$ 

730 DATA 20,20,13 

740 MAT READ No_»ymbols per 

750 DATA "D","B" 

760 MAT READ Test__type_nairiesf 

770 Number_regi ons=3 

703 Number_of_qu*ds*8 

793 Number_of_tests=2 

300 Cut__off_prob=l/'Nuffiber_of_tests 

810 ! ****************** ****^*** *********** ***^*****>k¥;*^**** **********9;******* 

820 I * ♦ 


??0 ! * THE FOLLOWING SEGMENT DETERMINES THE DESIRED PARAMETERS OF ♦ 

£40 ! ♦ THIS RUN. THEY ARE UNDER USER CONTROL. ♦ 


£50 • * * 

860 ! ««*««««»«*««**«««*^«« *********»*««****«-«« ««*■»««*«««*«• *»««**«#*««««**«» 

870 BEEP 

8S0 DISP "READY" 

690 REPEAT 


903 Unit® 16 

910 BEEP 

920 INPUT "WHERE WOULD YOU LIKE THE RESULTS PRINTED? <0*THERMAL, 16*CRT>", 

Uf.t 


930 Uni t*INT<Uni t > 

940 UNTIL <Unit=0> OR <Unit=16) 

950 PRINTER IS 16 
960 PRINT LIN(6> 

97 0 PRINT TAB<25> , "**^**********************" 

930 FOR 1*1 TO Number_regi ons 

9-0 PRINT TAB<25>;l;" « " ; Regi on_na«esF< I > 

1000 NEXT I 

1010 PRINT TAB<25) , "*******♦****************" 

1020 REPEAT 
1030 Region*3 

1040 BEEP 

:050 INPUT "WHICH REGION IS TO BE STUDIED? < 1 , 2, 3> " , Regi on 

:050 Regi on*INT (Region) 

1O'’0 UNTIL <Region>0> AND <Region<4) 

1030 No of c1esses«No symbols per(Region) 

1090 REPEAT 


1100 Min_disi*9 

li:e E£E? 


ORIGINAL PAGE IS 
OE POOR QUALITY 


452 


:t<-IJT -l-.h'hT LISTfHCE SHOULD StPfilRfiTE SHMPLES? <ev'*Dl STf^^CE-* 2S, DEFftULT IS 

3»> “ , f1» ri__dl it - ' 

1136 Mi n_cM st«INT<Mi n diit) 

1146 UNTIL RND <Min dist<28> 

use REPEAT 
1160 Look 

1170 beep” 

1180 INPUT "I ASSUME YOU WANT TO LOOK AT ALL OF THIS REGION, IS THAT RIGHT? 

< Y/'N> , Look_*t_«n ♦ 

3 190 UNTIL (Look *t *n*«"Y") OR (Look *t_*11f«"N"> 

1200 IF Look_*t_in?*"N'' THEN 
1210 CALL Look At pArt^of (Regi on> 

1220 END IF ” ” 


1230 
1240 
1250 
1260 
1270 
<260 
1290 
1300 
1310 
1320 
1330 
1340 
1350 
1 360 
1370 
1 380 
1 390 
1400 
1410 
1420 
1 430 
1 440 
1450 
1460 
1470 
1480 
1490 
:500 
1510 
1520 
3 530 
1540 
1550 
1560 
1570 
1580 
1590 
1600 
1610 
3 620 
1630 
1640 
1650 
1660 


! ************** ****■******♦*♦**#****♦♦*****«■***♦*#«•***♦*♦#*«* ********«-***^ 
! * ♦ 

! * THE NEXT SEGMENT INITIALIZES VECTORS TO ADJUST FOR UNEQUAL GRID * 

! * SIZES IN THE VARIOUS QUADRANGLES. * 

! * * 
! «■#*********♦**#*♦ **************•**♦:**«*«■**»♦******«■****«**************♦▼ 
BEEP 

DISP “INITIALIZING THE SCAN LINE AND ELEMENT ARRAYS, AND CUT OFF VALUES" 
FOR QuAdrAnglfrsSegi n_quAd(Region) TO End__quAd(Regi on> 

FOR Gri d=Begi n__gr i d(QuadrAngl •) TO Numb*r_of^gr i ds(QuadrAngl #> 

IF QuadrAnglc<7 THEN ” 

Max_sl (Quadrangle, Grid >*21 
Max_e 1 ( Quadrang 1 e , Gr i d > =26 
END IF 

IF Quadrang1e=4 THEN 

IF (Grid=2) OR (Grid=5) THEN Max el (Quadrangl e, Gri d>*25 
END IF 

IF (Quadrangl e=6> AND (Grid=2> THEN Max__el (Quadrangle, Grid) =25 
IF Quadrangl c>6 THEN ” 

Max_s 1 ( Quadrang 1 e , Gr i d )* 1 3 
Max_el (Quadrangl e, Gri d)=16 
END IF 
NEXT Grid 
NEXT Quadrangle 

FOR 1 = 1 TO No_symbol £__per(Regi on) 

IF Region=l THEN Ss^mbol #( I )=Ri chmond_iymbol ♦( I ) 

IF Region=2 THEN Symbo 1 $ ( I )*Denuer__symbo 1 ♦ ( I ) 

IF Region=3 THEN Symbo 1 ♦ ( I )«Phase_2 symbol »( I) 

NEXT I 

IF Region*! THEN 

MAT Cut__off count»Ri chmond count 
END IF ~ 

IF Region=2 THEN 

MAT Cut off count«Denuer count 
END IF ” ” 

IF Regi»n-3 THEN 

MAT Cut_of f__count=Phase__twe count 
END IF 

! ********************* *************************ii1^******************innt*- 

! « * 

! * THE FOLLOWING SEGMENT CONSTITUTES THE MAIN PORTION OF THE CODE. * 
! ♦ * 

! * SAMPLES ARE CHOSEN AS DESIRED AND CAN THEN BE OUTPUT TO A DISK. * 
! * * 
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JtT-,* liict 

DibF- MS THE GRDUNU TRUTH ll!SK IH THE RIGHT HRND DRIVE? <PREaS CONT>" 

1700 PaUSE 

1710 FOR T»s^t__type“l TO Nun»b*r__of_t*»t» 

1720 Kount«0 - - ^ 

1730 PRINTER IS 1€ 

1740 PRINT PAGE . t 

1750 PRINT "NOW SEARCHING FOR PIXELS FOR TEST NUMBER ";Te»t_tv#p» 

1760 MAT 8*mples>ZER 

1770 MAT Cl ••*^kount«2ER 

1760 FOR Ou 4 dr*ngl n__qu*d<Regi on> TO End_qu<id<R«gi on> 

1790 FOR Cr»d«Begin gr i d<Qu»dr4ngl •> TO Nutnber__of__gri d»<Qu4dr4ngl • > 

1600 IF SUM<Cl«ss“kountXSUM<Cut off_couht> THEN 

1610 PRINTER IS Unit 

1620 PRINT LINC4>,TflB(20>, "REGION. ..‘';Rrgion_n»m*$<R4gion>;'' ";0i .-3 

n4m*st (Clu4dr4ng 1 c > 

1630 PRINTER IS 16 

1640 Fi l *_^n4me»=Fi 1 e__n4m«t$ <Qu»dr ingl c >6(VRL*<Gr i d>*«" : H8» 0> 1" 

1850 ASSIGN il TO FiT*__n*«»4, R*turn_W4ri *bl e 

1860 IF Return MArimble THEN 

1870 Wrong; PRINT “FILE NOT FOUND ";Fne_n4we» 

1880 BEEP 

1690 STOP 

1900 END IF 

1910 REDIM Pi xel ♦CMax^sl CQuidrangl e, Gri d> , M4x_el <Qu 4 dr 4 ngl Cri d) > 

1920 REDIM Ok<Max_s1 <0uadr4ng 1 e, Gr i d> , M4X_el <0u4dr4ngl e, Gri d> > 

1930 REDIM Useabl eCMax_£.1 CQuadraingl e, Gr i d5,M4X__el <Qu*dr4ngl e, Cri d> > 

1946 REDIM Loc at i on <Max_s K Qu4dr*ngl e , Gr i d> , M»K eKQuadrangl e« Gri d> > 

1950 ON END #1 GOTU Wrong 

I960 MAT READ «l;fixe1t 

1970 PRINTER IS Unit 

I960 PRINT LIN<2>,TAB<20>, "GRID " ; Cr i d, LIN<2> 

1990 BEEP 

2000 CALL Centers <Max_» 1 <Quadr«ngl e, Gri d> , Max__el (Quadrangle, Grid), Us^ it 

< e <♦), P i xe 1 ♦<•*>, Un i t ) 

2010 PRINTER IS Unit 

2020 BEEP 

2030 PRINT LIN<2). " COUNT SYMBOL SCAN LINE ELEMENT GP U 

Q UADRANGL E " 

PRINTER IS 16 
MAT Locat i on=<255) 

MAT Ok«(l> 

FOR Sl«2 TO Max_*KQuadrang1e,Grid)-l 

FOR Start i ng_el *2 TO Max_el(Quadrang1 e, Gri d>-l 
MAT SEARCH Useabl e(S1 ,*>, L0C(«1 >; El , Start i ng_el 
IF EKMax. el (Quadrangl e, Gr i d> THEN 
IF Ok(sT,E1 ) THEN 

MAT SEARCH Symbol »<*>, LOC(-Pi xel *CS1 , EU >; Cl ass 
IF Cl ass<No_of_cl asses THEN 

IF Cl ass_kount <C1 assXCut_off count(Class> THEN 
IF RND<Cut_off_prob THEN 
Kount«Kount+l 

Cl ass_kount (Cl ass>«Cl ass_kount (Cl ass>+l 
Sampi es(Kount , 1 >«S1 
Samp 1 es ( Kount , 2 'XE 1 
Samp 1 es ( Kount , 3 > "C 1 ass 
Samp 1 es ( Kouht 1 4 > ■Quadrangl e 
Samp 1 es( Kount , 5>*Gr i d 
Loc at i on i ? 1 .El ) *NUM S’ 'mbo 1 4 ■ C 1 as s 


2040 

2050 

2060 

2070 

2060 

2090 

2100 

2110 

2120 

2130 

2140 

2150 

2160 

2170 

2160 

2190 

2200 

2210 

2220 
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2i‘4C' CRLL Ne \ ghbors c S 1 , El , OM . M i r.__d > £ t » 1 < Quadr angl 

«ir, Gr) dv> , el <Ctuadrangle,Grid>; 

2250 ” PRINTER IS Unit 

2260 Format_one: IMRGE 5D, 7X, 2R, 1 0X, DU, 12X, DD, 7X, OS, 8X, 16R 

2270 PRINT USING Fprmat_one; Cl ass^kount (Cl > , Sy»bo1 f • C 1 

«as>,S1 ,E1 ,Grid,Qu«d_names$(Quadrang1«> * 


2280 
2290 
2 300 
2310 
2 320 
2330 
2340 
2350 
2360 
2370 
2380 
2390 


PRINTER IS 16 
END IF 
END IF 
END IF 
END IF 
END IF 

Start i ng_el *E1 
NEXT Starting_el 
NEXT SI 

PRINTER IS Unit 
BEEP 

PRINT LIN<2>. " LOCATIONS OF SRtIPLES USEABLE RT R DISTANCE OF "iHi 


n_dist,LIN<:2> 


2400 


CALL Output (Loc at i on<*> , Nax_al (Quadrangl e, Gri d> , Nax^el (Quadrangl ^ , 


Gri d) , Uni t > 


2410 END IF 

2420 NEXT Grid 

2430 NEXT Quadrangle 
2440 REPEAT 
•2450 An*wer»«"N" 


2460 INPUT "DO YOU WANT THESE COORDINATES OUTPUT TO A DISK FILE? <Y/'N>",P 

•lawer* 

2470 UNTIL <An»uer$ = "Y" > OR <Answer»*‘'N" ) 

2480 IF Rnsuer»="Y" THEN 

2490 Test_t ypet*Test_t ype_nanies$<Test__t ype > 

2500 Fi 1 e_name*=Test_typeFfcRegi on names$<Regi on> C7; 53 

2510 CREATE F i 1 <f_name$&," : H8, 0, 0" , Kount*5+l , 8 

2520 REDIN Samp 1 e& (Kount , 5 > 

2530 ASSIGN 42 TO Fi1e_namc» 

2540 PRINT #2; Kount 

2550 NAT PRINT «2;Samp1es 

2560 ASSIGN * TO «2 

2570 BEEP 

2580 PRINT "COORDINATES ARE STORED IN FILE "fcFiU_name» 

2590 END IF 

2600 NEXT Test_type 
2610 PRINT LIN<5> 

2620 PRINTER IS 16 
2630 BEEP 
2640 BEEP 
2650 END 

2660 ! ****#*♦♦***•»♦•)(■♦*****■>!■** »************«****?r *«•**■>!•« ****«■***#****#*•»#**♦*« * 

2670 ! * *■ 

2680 ! ♦ THIS SUBROUTINE FLAGS THE CLOSE NEIGHBORS OF A POINT CHOSEN SO 

2690 ! * THAT THEY WILL NOT EE AVAILABLE FOR CONSIDERATION. 

2700 ! -tJ ^ 

2710 I **#■**»*♦***♦ **♦*******♦♦♦«•***«•*♦*♦#******♦*******♦**♦♦#****«**#***♦#*♦ K 
2720 SUB NeighborsCSl ,E1 ,Ok<*>,Min_dist,Max__sl ,Max__el ) 

2730 OPTION BASE 1 

2740 FOR I»MAX<l,Sl-Min dist> TO MIN<Max *1,S1+Min di»t> 

275® FOR J-MAX(l,El-nTn_dist) TO MIN<Max el,EUMTn di*t> 

2760 IF FNDi*t<S1 ,E1 , I, JXMin di»t THEN Ok<I,J)«0 

2770 NEXT J 

2780 NEXT I 

2' 90 SULEhIi 
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2910 

2c.20 

£830 
£840 
£850 
2 8C0 
£870 
2860 
£890 
£800 
2810 
£820 
£830 
£' :-40 
£?50 
£860 
£870 
£880 
£890 
8000 
8010 
3820 
, -'-1> 
£030 
'==0) 
8040 
•=0) 
£050 
- 1 , J> = 
3060 
£070 
3060 
3090 
•3100 
■110 
£• 1 20 
3130 
£140 
?;50 
£160 
170 
£ 180 
3: 190 
£■260 
3210 
3£20 
£:230 
3240 
£250 
£260 
•£■£70 
3280 


» *■ 

* MERSURES DISTRNCE BETUEEN TUO POINTS. ' * 

\\ * 

I 

DEF FNDist<S1 ,E1 , I, J> 

IMst»<<Sl-I)^2-«-'CEl-J)^2)^.5 
RETURN Dist 
FNEi■^D 

**«««*«*««**■»■»'»**'»'» ■»■»««■«-»■»«'» 

*■ a 

* FLAGS PIXELS THAT CRN BE CONSIDERED. PIXELS ON BORDERS OK A 

* BLOCK ARE TO BE IGNORED. ^ 

* -K 

****'»******-Jt***-it'Jt» ■it •«•**■«■•»■»«•*■»*«■■»■»*■»*•***•»*♦**■* ■»*#♦* 

SUB Centers CMix_s 1 , Max el , Useabl e<*> , Pi xel *<*> , Uni t ) 

OPTION BASE 1 
MAT Use*ble=a> 

PRINTER IS Unit 

PRINT ‘"PIXELS NOT ON TH£ BORDER OF A CLASS BLOCK" , LIN<2) 

FOR 1-2 TO Max_s1 
FOR J-2 TO M*x_el 

IF Pixel$<I, J>OPixel»a-l, J-1) THEN Useab 1 e Cl , J )=0 AND CUseableCI-l 


= 0 > 


= 0 > 


IF Pixel»CI, J)OPixe1$CI-l, J> THEN Useabi e< I , J>=0 AND CUseab? e C I -1 . ' 
IF PixelfCI, J>OPixe1 tCI, J-l> THEN Useabl e< I , J)=0 AND CUseabl e< I , J - 1 
IF PixelSCI, J-n<>Pixe1$CI-l, J> THEN Useabl eC I , J-1 )»0 AND (Useable J 


PRINT USING "#,D";U£eableCI, J) 

NEXT J 
PRINT 
NEXT I 

PRINT LINC2) 

PRINTER IS 16 
SUBEND 

*'****^it'»*»'****'jf**#'»**«****^it***^!(-^it'it^it^it*-St*iHt*it»'it*^ir***-*-)t-it^*--»**^it**-*^it*-it*-)t**^!t*'it'*^ 

* * 

«' OUTPUTS A CHARACTER GRID REPRESENTING THE SAMPLES CHOSEN. 

* -X 

*•»*•*•**•»***** ■it *♦*■***■*■»■»**• •»**■!? #*******■»**■»**»* #«■***«' 

SUB Output CLoc at i onC«> , Max_sl , Max el, Unit) 

OPTION BASE 1 
PRINTER IS Unit 
FOR I- I TO Max_s1 
FOR J=1 TO Max_el 

PRINT USING "#,A";CHR*<Location(I, J)> 

NEXT J 
PRINT 
NEXT I 

PRINT LINC2) 

PRINTER IS 16 ’ 

SUBEND 
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^ ^ 




' •«* j L* 

}320 

3330 

.5340 

3350 

5360 

:-370 

3380 

ds<6> 

3390 

3400 

3410 

3420 

3430 

3440 

5450 

3460 

3470 

3480 

5490 

3500 

3510 

3520 

3530 

3540 

n>) 


! * ALLOWS STUDY OF JUST R PART OF THE DATA SET AVAILABLE. * 

! * * 

! « • « 

! «*#«««»««««*«««'**«««««««.«««*«««*««««*««««»«'««««'«««»«««««««*««*»«*»•*•«« 
SUB Look_*t_p*rt_of <R»gi on> ** • 

OPTION BASE 1 

. COM QuAd_names$<6> , Begin_qu«d<3>|End__qu*d<3>,Begin_gridC6>yNuMb*r^of^gr i 

PRINTER IS 16 
REPEAT 

Right_qu*ds#="N" 

PRINT PAGE 

PRINT TAB<30), ''****#*«**♦***♦***«•**" 

FOR I«Begin quAdCRegion> TO End__qu«d(Regi on> 

PRINT TAb 730>;I;" •‘;Qu*d__n*m*s»a> 

NEXT I 

PRINT TA6(30> y ''«**«*«««*«'«***««*«**" 

REPEAT 

Fi rst_quad=Begi n quadCRegion) 

PRINT "DEFAULT IS QUADRANGLE NUMBER Begin quadCRegion) 

BEEP 

INPUT "WHICH QUADRANGLE WOULD YOU LIKE TO START AT? CN> " , F i ret__quad 
First_quad=INTCFirst_quad) 

UNTIL CFi rst_quad>=Begi n__quadCRegi on) ) AND <First_quad<»End_,quad<Rec'. c 


.5550 
•35S0 
3570 
35S0 
3 590 
5600 
5610 


IF Fi rs-t__quad<End__quadCRegi on) THEN 
PRINT TABC30) , ‘'**«********»********" 

FOR I=First_quad TO End quadCRegion) 

PRINT TABC30);I;" "jQuad names4<I) 

NEXT I 

PRINT TABC30), "*****«**************" 

PRINT “ THE FIRST QUADRANGLE TO BE STUDIED IS NOW SET AT 


• lamestCFi rst_quad) 


5620 REPEAT 


Quao 


3630 Last_quad=End_quadCRegi on) 

5640 PRINT "DEFAULT LAST QUADRANGLE IS ";Last_quad 

3650 BEEP 

3660 INPUT "WHICH QUADRANGLE WOULD YOU LIKE TO END AT? CN) " , Last_quad 

3670 Last_quad=INTCLast__quad) 

3660 UNTIL CLa«t_quad>»Fi rst_quad) AND CLast_quad<*End_quadCRegi on) ) 

3690 IF Last quad>First quad THEN 

3700 PRINT“" the last QUADRANGLE TO BE STUDIED IS NOW SET AT 

names^CLast quad) 

3710 ELSE 

3720 PRINT " THE SINGLE QUADRANGLE TO BE STUDIED IS NOW SET AT " ; U!.- 


ad_riarries» <Last_quad) 

3730 END IF 

3740 ELSE 

3750 Last^quad=End_quadCRegi on) 

3760 PRINT " THE SINGLE QUADRANGLE TO BE STUDIED IS NOW SET AT ";Quad 

_names*CFirst quad) 

3770 END”IF 

3780 BEEP 

3790 INPUT "HAVE YOU CHOSEN THE CORRECT QUADRANGLES? <Y.^N) ", Ri ght quadst 

3800 UNTIL Right_quads$*"Y" "■ 

3810 Beg in_quadC Reg ion) “First quad 

5'C* End qu-adCRegicr. ■'=La£t quad 
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?940 

S350 

.1-360 
S370 
3380 
3390 
3900 
3910 
-920 
3 930 
940 

jl I 

3950 
3960 
-• .-<70 

3 980 
3990 

<iri00 
9010 
^4 020 
4030 
4040 

> I 

4 050 
4060 

4 070 
080 
090 

4^00 
J 1 10 
4x20 

5 •!> 

-J30 
4 140 
4 150 
4 160 
4170 

41 80 
4 190 
4^.00 
4110 
4120 
41-30 
4140 
41-50 


F.EF-Ei=iT 

Right grids4»“N'' 

PRINT”PflGE 

FOR I>Begin qu&d< Region) TO End_quAd<Regi on) 

PRINT "FOR THE "iQuad_n»mes»<I);" QUfl.l)RfiNGLE" 

REPENT 

Fir»t_gri d=Begi n_gr i d< I ) 

PRINT " BEFRULT BEGINNING GRID IS " ; Fi rst_gri d 

BEEP 

INPUT "WHICH GRID WOULD YOU LIKE TO STRRT WITH? <N) " , Fi rst^gri d 
Fi rst_gr i d=INTCFi rst__gri d) 

UNTIL <Fi rst__gri d>*Begi n_gri d< I ) ) RND <Fi rst_gri d<*Nuinber_of_gri ds 

Begi n__gr i d< I )=Fi rst_gr i d 

IF Begi n_gr i d< I XNumber of gridsCI) THEN 

PRINT " STARTING GRID IS NOW SET TO "{First grid 

REPENT 

Last_gri d=Number_of_gri ds( I ) 

PRINT " DEFAULT ENDING GRID IS ";Last__grid 

BEEP 

INPUT "WHICH GRID WOULD YOU LIKE TO END WITH? <N) " , Last_gr i d 
Last_gr i d=INT <Last_gri d) 

UNTIL <Last_gri d>*Begi n_gr i d< I ) ) AND <Last_gr i d<*Number_of_gri ds 

IF Last_gr i d>F i rst grid THEN 

PRINT " “ending grid IS NOW SET TO ";Last_grid 

ELSE 

PRINT " THE SINGLE GRID TO BE STUDIED IS "{Last grid 

END IF 
ELSE 

Last gri d=Number of grids<I) 

PRINT " “the single GRID TO BE STUDIED IS " { Number_of_gr 

END IF 

NL4mber_of gr i ds< I )=Last_gri d 
NEXT I 
BEEP 

INPUT "HAVE YOU GOT THE RIGHT GRIDS CHOSEN? CY/-N) " , Ri ght grids* 

UNTIL Right grids*="Y" 

BEEP 

SIJBEND 

! ********************* **♦«*♦**♦*******«■«•*♦*♦***«*«**** ****************** 
! * 

! ♦ END 

! * 

! ********** ****«**♦•*♦**♦*********«■****•**♦*■*■*******» ♦«•**«***«**«•***♦**** 
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i 

2e 

30 

>3 

50 

t.0 

70 

C 0 

•?0 


> F E-STORE '‘Ri.STfiT‘ 

I ♦*««?«*********♦**««*«***♦*♦*♦*******«*«*♦*«****•*■*♦*•*♦♦*♦**♦«•♦********** 
! ****•»-**»♦«****«■***■*•**♦«•♦********•*•*«•****♦**«•******«***♦*♦***♦♦*■** *****i‘-^ 
! ♦**♦**♦«•**♦***«♦****** fi B S T fl T ♦***-*****»**********'***************^-<^ 
! 

! «««*««*»«««««««’«»««’««««««««««*««««*«««**««««««*«*«««« 

! * ♦ 
! « THIS PROGRRH COMPRRES DIGITIZED GROUND TRUTH DRTR * 

! * AND THE RESULTS OF CLRSSIFICRTIOH OF fl LRNHSRT IMAGE. 


100 
1 10 
120 
130 
146 
150 
!€0 
170 
130 
130 
200 
110 
220 
230 
240 
250 
2«0 

2 70 
;S0 
^30 
:-00 
310 
320 
:.30 

3 40 

3 50 
1 50 
3.70 
.-.30 
••i30 
400 
•i 10 

4 20 
4 30 
440 
d50 

450 

470 

430 

430 

500 

510 

520 

:30 

540 

550 

550 

r:e 

5’0 

•530 


! * PIXELS ARE COMPARED AT POINTS CHOSEN BY THE "TEST#" * 
! * PROGRAM. CORRESPONDENCE IS REPORTED BY MEANS OF fl CONFUSION * 
! * TABLE AND NUMEROUS STATISTICS MEASURING VARIOUS ASPECTS OF * 
! » THE CLASSIFIER ACCURACY. * 


! « 


! ♦ WRITTEN UNDER NASA CONTRACT NAS5-26111 BY: 
! « 

! * RICHARD G. CRAIG 

! * DEPARTMENT OF GEOLOGY 

! * KENT STATE UNIVERSITY 

! * KENT, OHIO 44242 

! * 


* 


* 

4 


! *#**i^****»**************»**************«*******«***********«******«****; 


OPTION BASE 1 
PRINTER IS 16 
PRINT PAGE 

DISP “DIMENSIONING THE ARRAYS" 

DIM T€£t_tt^pe$C 1 3 , Quad# C 1 ] , L*ndsat$<21 , 25> C 1 3 , Test_c cords- <200, 5> 

DIM Landsat_£ymbo1 »<2> C 1 3 

DIM Region names* < 3) , Fi 1 e_riames*<3> , Quad_nariiesf <8> , Lands at _f i 1 es*<8> 

DIM Eegi n_quad<3]> , End_quad<3> , Begi n^gri d<8> , Nuitiber_of__gr i ds<8> 

DIM Max_sT<8, 12) , Max_e1 <6, 12) , Cent i ngency <3, 3) , Cont_tabl e<3, 3) 

! *#*♦*♦*♦♦*♦*************«******«•♦♦***«****»*«*******«*****♦*•*********■»- 


* * 

* THE NEXT SEGMENT IS DESIGNED TO INITIALIZE THE DATA SETS TO ^ 

♦ BE USED. ^ 


! * ^ 

! Hr *^***** it ********************************************************** y 

BEEP 

DISP "'INITIALIZING THE VECTORS" 

DATA "R","A" 

MAT READ Landsat_symbo 1 * 

DATA "I R","I D","II,D" 

MAT READ File_names» 

DATA "PHASE I, RICHMOND" , "PHASE I, DENVER ", "PHASE II, DENVER" 

MAT READ Reg i on_narfies* 

DATA 7, 1,2 

MAT READ Begin_quad 

DATA 8,1,6 

MAT READ End_quad 

DATA 1, 1, 1,4, 1, 1, 1, 1 

MAT READ Begin_grid 

DATA 3,3, 8, 3, 9, 3, 12, 12 

MAT READ Number of_grids 

DATA "LD", "HR",~S", "CC", "L", "CC", "LP", "LC" 

MAT READ Landsal_f i 1 esf 

DATA "FITZSIMMONS", "HIGHLAND RANCH" , “SABLE" , "EAST LAKE" , "LITTLETON" , “COMh 
CITY", "SEVEN PINES", "CHESTERFIELD" 

MAT READ Qi'.iji' _ ■'<ames* 

Nuffibe»' req i :.'n: -3 


c 
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‘ •^■J-*'^*'!^*** + *l^**»*-*'»'»r***^*-*^^»^r***T***^*-»*-S-»***-»-*-)t--»-^(-*4**-S-*'*-«'l!-'«f*»-((-***i>r «■?->-■>. * 

! *• y » 

€32 r * THE FOLLOWING SEGMENT DETERMINES THE DESIRED PHRfiMETERS OF * 

£40 ! • THIS RUN. THEY RRE UNDER USER CONTROL. «. 

€50 ! # * 

€•60 ! #*********•»*********•»**•»***********•****•****•»********•«•*****♦»*•»*♦»##*#*# 

€70 REPEAT 
€30 Unitsig 

€30 BEEP 

700 INPUT “WHERE WOULD YOU LIKE THE RESULTS PRINTED <0«THERMAL, 16«CRT>",Un 

i t 

710 Unit»INT<Unit) 

7*0 UNTIL <Unit*0J OR CUnit*16) 

770 PRINTER IS 1€ 

740 PRINT LIN<6> 

750 PRINT TAB<25) , ''*******■**************♦**«•***" 

7€0 FOR I = J TO Number regions- 

770 PRINT TBE<25>;Region_n«me£f<I> 

7S0 NEXT I 

730 PRINT TflB<25) , "****♦****«•****♦*****•»**♦***♦'' 

800 REPEAT 

810 Regiwn*3 

8ia BEEP 

9?0 INPUT "WHICH REGION IS TO EE STUD I ED? < 1 , 2 , 3 > " , Regi on 

840 Regi on* I NT < Regi on) 

?50 UNTIL <Region>0) AND <Region<4) 

9€0 ! 

S70 ! * ♦ 

c?0 ! * THE NEXT SEGMENT INITIALIZES VECTORS TO ADJUST FOR UNEQUAL GRID « 

830 ! * SIZES IN THE VARIOUS QUADRANGLES. * 

900 ! ♦ ♦ 

9l 0 ! •»*•»*♦♦**■*••**»***♦*♦*****»**■*■♦•»******«•**** »**#**-***-j^-iHt-)t********-iHf**-»***-it.i» 

9^0 BEEP 

990 DISP "INITIALIZING THE SCAN LINE AND ELEMENT ARRAYS" 

9-10 FOR QuAdrang] e*Begi n_quad<Regi on) TO End_quad<Regi on) 

9 ‘fn for Gr i d*Begi n__gri d^Quadrangl e) TO Number_of_gr i deCQuadrangl e> 

9€0 IF Quadrang1e<7 THEN 

970 Max_sl ».Quadrangl e, Gr i d)*21 

SfO Max_el (Quadrangl e, Gri d)*26 , 

END IF 

1000 IF Quadrangle=4 THEN 

1010 IF <Grid=5> OR <Grid=8) THEN Max e 1 CQuadrangl e, Gr i d)*25 

1620 END IF 

1030 IF (Quadrangl e=€) AND CGrid=2) THEN Max_e1 CQuadrangl e, Gr i d)*25 

1040 IF Quadrang1e>€ THEN 

1 050 Max_s1 <Quadr angl e, Cri d)»13 

1 0€ 0 Max_el OQuadrangl e, Gr i d)»l€ 

iO.'0 END IF 

1»90 NEXT Grid 

10 30 NE^iT Quadrangle 
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1 0 


! 120 
1 130 
1 140 
1 150 
1160 
1170 


! ♦ THE NEXT SEGMENT DETERMINES THE CORRECT TEST TO BE DONE, * 
! * CHECKS THAT THE CORRECT DISK IS IN PLACE AND INPUTS THE •» 
I * TEST COORDINATE LOCATIONS IN PREPARATION FOR THE ACTUAL TESTS. ♦ 
! * * 

REPEAT 


1180 Te»t_typef«''B” ‘ 

1190 BEEP 

1200 INPUT "WHICH CLASSIFICATION TECHNIQUE IS TO BE TESTED? <B«BLOCKED, D*D 
IFFUSE>",Te»t type* 

1210 UNTIL <Test_type*="B"> OR <Test type**="D") 

1220 PRINTER IS 16 
1230 PRINT PAGE 


1240 Tes.t,_type_name*="BLOCK COORDINATE" 

1250 IF Test_type*="D" THEN Test type name*="DIFFUSE COORDINATE" 

1260 DISP "PUT THE DISK WITH THE”C00RDINATE FILE IN THE LEFT HAND DISK DRIVE «. 
CONT>" 


1270 BEEP 
1280 PAUSE 
1290 DISP " " 

1300 ASSIGN #1 TO ft?st t ypeS&F i 1 e_natnes*<Reg i on ) fc " : H8, 0, 0 " , Ret_war 
1310 IF Ret_var THEN 

1320 ASSIGN #1 TO Test typef&File r<ames*<Regi on>tc" : H8, 0, 1 " , Ret var 
1330 IF Ret_var THEN 

1340 PRINT "TEST COORDINATE FILE " Test_type»S<Fi 1 e_nanies»<Regi on) | " NOT FO 

ImD" ” 


1350 STOP 
1360 END IF 
1370 END IF 


1 380 
1390 
1400 
1410 
1420 
1430 
1440 
1450 
1460 
1470 
1480 
1490 
i-:00 
If 10 


READ #l ; No_test_coords 

REDIM Test coords<No_test_coords, 5) 

MAT READ #T; Test_coords 
Last_gri d=Test_coords< 1,5) 

Last_quad=Test__coords< 1,4) 

Index«l 

! *************************************** *•*•*«**■*♦**•*•*****«•**«**** «*****'»‘- 

! * 

! * THE FOLLOWING SEGMENT CONSTITUTES THE MAIN PORTION OF THE CODE. * 

! * EACH DESIRED POINT IS TESTED FOR ACCURACY OF THE CLASSIFICATION * 

! * AND THE RESULTS ARE STORED IN THE CONFUSION TABLE FOR LATER ^ 

! * SUMMARY AND OUTPUT. 4 

! « -f- 

! ********♦******♦#***♦************«*»♦***♦»*****##*»*♦**•»■****♦♦**«# 


lf20 DISP "NOW PUT THE SECOND DISK IN THE LEFT HAND DRIVE <CONT>" 

1530 BEEP 
1540 PAUSE 
1550 DISP " " 

1560 REPEAT 

1570 Quadrangl e=Test_coords<Index,4) 

1580 Gri d=Test__coor ds < Index , 5) 
i 590 Gri d_no=Begi n_gri d< Quadrangl e)+Gri d-1 

:*;'00 REDIM Land£-att '.'Max_5.1 CQuadrang 1 e , Gr i d_nc< ) , Max_el (Quadrangl e, Gri d_no>> 
lf.l0 ASSIGN #2 TO Landsat_f i 1 estv'Quadrangl e)8<Te&t__type$ScVAL*<Gri d_no)i(":H8, 0 
: , Return var 


iS20 
It 32 


IF Return_uar THEN 

ASSIGN TO Land 


f 1 1 € = f ( Quadr ang 1 


i liTes t VAL* ( G»- i d_nc< "i ^ ; H : 
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le4C IF Rd uri'i_uar THEN * 

PRINT '‘LFlNIiSFiT FILE ";La.rids«t f es** Gu*dr*ngl c )&Test typcf LVRL#<Cn 
d_no>l.“:H8, NOT FOUND" 
lf:60 STOP 

1E70 END IF 

1£80 END IF 

Iv90 CALL L*ndSAt_i nput <L«nds»t$<*> , #2, Uni t > 

1700 HRT Cont__t*bl e*ZER 

1710 REPEAT 

1720 HRT SEARCH Landsat__symbo1 1<«> , LOC<>LandsAt$<T*st_coordft< IndeXp 1 > « T«»t_ 

coords c. Index, 2>>>;Napped_as ~ 

1730 IF Test^coords< Index, 3> >2 THEN 

1740 Re^i 1 y*3 

1750 ELSE 

1760 Real 1 y*Test_coords< Index, 3) 

IT’70 END IF 

1780 Cont_t*bl e<Real 1 y , Mapped__*s>*Cont__tab1 e<Real 1 y,Mapped_as) + l 

1790 Index=Index+l 

1S00 UNTIL <Test__coords< Index, 5)<>Gri d) OR <Test__coords< Index, 4)<>0uadrangl e> 

OR <Index>No_lest_coords) 

1818 MAT Cent i ngency*Cont i ngency+Cont_tabl e 

1$:20 PRINTER IS Unit 

1830 IF Unit THEN PRINT PAGE 

1840 PRINT LIN<2>; " e***-****************************************************-)--^^ 

•♦t-t#**************" , LIN< 1 > 

1850 PRINT Regi on_names$<Regi on) ; TAB<20> ; Quad names# (Ouadrangl e> ; LIN< I > ; "GRII* 
" ; Gr } d "■ 

I860 PRINT "TEST TYPE: " ; Test_type_namc# 

1870 PRINT LINO). " CONFUSION TAbLe " 

1880 CALL Alpha__beta<No_c1asses+l,Cont__table^*)) 

1890 PRINT LIN<2); "******************e************«*********************#**- - 

•*--»********«-******",LIN(l) 

1900 PRINTER IS 16 

1910 UNTIL Index=No_test_coords 

1920 PRINTER IS Unit 

1930 IF Unit THEN PRINT PAGE 

1940 PRINT LIN<2); " e*'*******************************************#************^ 
>'***♦«•***«•♦*** ",LIN<1> 

1950 PRINT Region name#; TAB<20) ; Quad name$;LIN(l) 

I960 PRINT -TEST TYPE: " ; Test_t ype_name# 

1970 PRINT LIN(4) . " CUmiLATlVE CONFUSION TABLE " 

I960 CALL Alpha__beta<No__classes+l,Contingency<*>) 

1990 PRINT LIN(2); 

*******•»*«♦**♦*" , LIN<4) 

L000 PRINTER IS 16 
2010 BEEP 

C02O ASSIGN * TO «1 
2030 ASSIGN « TO «2 

2CHdM BEEP 
2050 END 
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2080 ! * THIS SUBROUTINE COMPUTES THE fiCCURflCY STATISTICS FOR fl GIVEN * 
2;J90 ! ♦ CONFUSION TABLE AND OUTPUTS THAT INFORMATION. . *• 
^-80 • * ' * 


2 no ! ♦***♦***■»«*♦*♦*******«■***♦******************♦****#***####*#*#**»*#»»#•♦ 

;i20 SUB A1ph*_bet*<Size,T*bleC*>> 

2130 OPTION BASE 1 

2140 DEFAULT ON 

2.50 FIXED 2 

2:60 DIM Row__sum<Size>,Columri_£um<Size>,Omi£siori£<Size>,Coini»»ions<Size>,Map_ 
accuracyCSi ze) , Di zgortAl <SiZe) , A1 ph*CSi ze) 

.. :70 DIM Bet «<Si ze> , A1 phal <Si ze) , Betal <Si ze> , Map^accuracyl CSi ze> , Ident i ty<S i z 
t . Size> ,<Daturri<Si ze+4> , Idem i tyl (Si ze, SI ze> , Map_accurac y2(Si ze> 

2180 MAT Row_£U(n*RSUM<T*bl e> ” 

2190 MAT Coluirm_£um=CSUMCT*ble> 

2200 Total =SUMC Table) 

2210 MAT Idertt i ty*IDN 

2220 MAT Ident i ty i=Tab1 e. Ident i ty 

2230 MAT D i agonal =CSUM ( Ident i tyl ) 

2240 MAT Omi ss i on£=Rou_£Ufn-Di agonal 

j 2250 MAT Com i s£i ons-Col utnn__£utn-Di agonal 

» 2280 MAT A1 pha*Comi ££ions/'Col umn sum 

[ 2270 MAT AVphal«A1pha<<99999999999) 

1 2280 MAT A 1 pha=Al phal . AT pha 

[ 2290 MAT Bet a=0mi ££ i ons/Row_£um 

[ .300 MAT Betal=Beta< (9999999999) 

^ 1310 MAT Beta«Betal . Beta 

\ 1320 MAT Map_accuracy=Di agonal +0mi £si ons 

( 1330 MAT Map_accuracyl=Map accuracy+Comi ssi ons 

! Z 340 MAT Map_accuracy2=Di agonal /Map_ac curacy 1 

j 2350 MAT Map_accuracyl=Map_accuracy2< (999999999) 

I 2380 MAT Map_accuracy*Map_accuracy2. Map_accuracyl 

Z-370 Oueran_c i ass = SUM(Di agonal )^Total 

.386 IF NOT Total THEN Oueral 1 _c 1 a£s=0 

1390 MAT Di agonal =Co1 umn_£um. Map_accuracy 

Z 400 MAT Di agonal =Di agonal /'(Total ) 

1410 IF NOT Total THEN MAT Di agonal -2ER’ 

2420 Over a 1 l_map=SUM(Di agonal ) 

2430 Ar£sSUM(Aipha) 

2440 Br£=SUM(Beta) 

2450 Mean_al pha=RrS''S i ze 

2480 Mean_beta=Brs^Si ze 

: 2470 PRINT LIN(1),TAB(24);'-MAPPED AS" 

2480 PRINT TAB(66), "MAPPING" 

2490 PRINT USING "K";" CLASS RAO TOTALS 0 

' MSS IONS ACCURACIE S" ~ 

2500 PRINT "T" 

2510 N*a)-"R RESIDENTIAL (R)" 

2520 N»(2)~"U AGRICULTURE (A)" 

2536 N$(3)="E OTHER (0)" 

2540 FOR I«1 TO Size 

2550 FOR J=1 TO Size 

2560 Datum< J)=Tabl e< I , J) 

2570 NEXT J 

Z586 DatumCSi zc+1 )»Rou_£um( I ) 

1590 Datum(Si ze+2)=0tni£si ons( I ) 

2690 Datum(Si ze+3)=Beta( I ) 

li SI Mff. . S i ze +4 =M sp . ac c vr ac y ■. I • 
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PRIrtl 

Nf a>,D*tumC*) 


USING " 1 5ft, IX. IHiD, 5K. DltB, 3H, HDB, 5A, IlDHH, 5A, 1>LI), 4A, H. DB, 8X, B. BB‘ 


2€36 NEXT I 

2:640 PRINT 

2t~50 PRINT USING " 18fl. 3X. DBBa 3X. BBB. 3X. PBB. 5X. DDBB. 5X. DBB” ; " TOTALS ", Column 

1 > , Col utnn_,sum<2> , Col umn sum (3> , Tot a1 , SUMCOwi ssi ons> 
to0 PRINT 

570 PRINT USING " ISA. 4X. BP . 4X. BB. 4X. DP. 5X. BPBD" ; " COWMI SSIONS " . Com i ss1 ons< 1 

, Comi ssi ons(2> , Comi ssi ons(3> , SUtKComi ssi ons) 


} 


€80 PRINT 

€90 PRINT USING " 19X, B. PP, 2X, B. BB, 2X, P. BP" ; A1 pha< 1 > , A1 ph«<2> , A1 ph*<3> 

700 PRINT LIN<2>, "OVERALL CLASSIFICATION ACCURACY ";Ouer«ll c 1 »ss, TAB<50> , ' F 
V ALPHA ERROR)*" ;He*n_m1ph* ” 

2710 PRINT LIN<1), "OVERALL MAPPING ACCURACY ";Overmn m*p, TAB<50> , *P<.E 

ETA ERROR) =";Me*n bets ” 

2720 STANDRRB 

2730 BEFAULT OFF 

2740 SUBENB 

2750 ! *««««**««««*«*«««'««*»*««**«*«*««« *««««**««*»«*««««*»« *«««**»«***«i^ 

2760 ! « *■ 


2^70 ! * THIS SUBROUTINE INPUTS THE GRIB OF CLASSIFIEB LANBSAT BATA « 
2780 ! * FROM THE APROPRIATE BISK FILE. * 
2790 ! * * 


2300 ! « ^^-K^ee**^**** ««««*««*«*««««««*«•««« «»«««*•«»»«««*««*. 

2310 SUE Lsndsat_i nput <Lsndsatl:<*> , #2, Uni t ) 

2320 OPTION BASE 1 

2330 DIM Character_input$C403 

•2340 PRINTER IS Unit 

2350 FOR 1*1 TO 4 

2360 REAB #2; Character inputs 

2370 NEXT I 

2980 PRINT RPTS<"_", C0L<LandsatS)+2) ' 

2390 FOR 1*1 TO ROW<Land»at$) 

2 900 Character_i nput*=RPT#< " *',40) 

2910 REAB #2; Character inputs 

2920 PRINT USING "#,A"T"|" 

2930 FOR J*1 TO COL<LahdsatS> 

2'940 Lands-atSCI , J)*Character- inputSC J+6; 1 3 

2950 PRINT USING "i# A" JLandsatSC I , J) 

I960 NEXT J 

2970 PRINT "I" 

2980 NEXT I 

2990 PRINT RPTS("-",C0LCLandsatS)+2) 

?000 PRINT " ALL BONE" 

5010 PRINTER IS 16 

3020 SUBENB 

3030 ! «««■««« 

3040 ! * 

3050 i * ENP 

30||0 f # * 
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Appendix B ; 

Autocorrelations and Partial Autocorrelations of lags 1-10 
of the 320 scan lines used in the ANOVA reported. They are arranged as 
follows : 


Page 


1 . Denver ACF 166 

2. Denver PACF 174 

3. Richmond ACF 182 

4. Richmond PACF — — 190 
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DENVER ACF 
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DENVER r 

TRACK 

Ip area ] 

,f ACE 




CHANNEL 


1 



2 

3 



4 


REPLICATE 

1 


2 

1 

2 

1 

2 

1 


2 

LAG 











1 

0.94 


0.92 

0.96 

0.97 

0.95 

0.93 

0.89 


0.88 

2 

0.88 


0.83 

0.92 

0.93 

0.90 

0*85 

0*77 


0.72 

3 

0.84 


0.77 

0.89 

0.90 

0.87 

0.80 

0.71 


0.61 

4 

0.82 


0.74 

0.88 

0.88 

0.84 

0.78 

0.68 


0.55 

5 

0.80 


0.73 

0.87 

0*87 

0.81 

0.75 

0.64 


0.49 

6 

0.79 


0.72 

0.86 

0*85 

0.79 

0.73 

0.61 


0*44 

7 

0.77 


0.71 

0.85 

0.84 

0.78 

0.72 

0.58 


0.39 

8 

0.76 


0.71 

0.85 

0.83 

0.78 

0.71 

0*56 


0.35 

9 

0.75 


0.70 

0.84 

0.82 

0.77 

0.71 

0*55 


0.32 

10 

0.74 


0.70 

0.84 

0*82 

0.76 

0.69 

0.54 


0.29 





DENVER f 
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0.77 
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4 
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5 
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0.55 
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0.58 
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0.64 

0*54 

0.55 
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8 
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0.41 

0.62 

0.54 

0.52 
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0.29 
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9 
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0.37 

0.59 

0.52 

0.49 
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0.47 
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4 
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6 

0.58 


0.73 
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7 

0.56 


0.70 

0.54 

0.57 

0*44 

0.60 

0.30 


0.35 

8 

0.54 


0.68 

0*48 
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0.40 

0.58 

0*26 


0.29 

9 
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0.66 

0.44 

0.52 
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10 
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10 

0.50 


0.40 

0.60 

0.31 

0.33 

0.38 

0.28 





DENVER* 

TRACK 

1* AREA 

5* ACF 


CHANNEL 


1 



2 

3 



REPLICATE 

1 


2 

1 

2 

1 

2 

1 

LAG 









1 

0.91 


0.89 

0.92 

0.94 

0.91 

0.92 

0.93 

2 

0.77 


0.76 

0.80 

0.83 

0.79 

0.80 

0.81 

3 

0.68 


0.66 

0.71 

0.74 

0.70 

0.71 

0.71 

4 

0.61 
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5 
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0.59 

0.55 
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0.49 

0.48 

0.55 

0.55 
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7 
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8 
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0.74 


0*68 

0.65 

0*79 

0*66 

0*52 

0.58 

7 

0*73 


0*66 

0*63 
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0*73 


0*77 

0*83 

0*78 

0*81 

0.77 
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4 

0*67 
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0.72 

0*78 

0.75 

0*63 

5 

0*63 


0*70 

0*76 

0*67 

0*74 

0*72 

0.57 

6 

0*61 


0*68 

0*73 

0*63 

0*70 

0*68 

0*52 

7 

0*60 


0*67 

0*71 
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0*67 

0*63 

0*49 

8 
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0*66 

0*70 
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0*64 
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0*46 

9 
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0.69 

0*59 
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0.43 
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0*64 

0*68 

0*59 

0*61 

0*57 

0.41 





DENVER r 

TRACK 

2f AREA 

Af ACF 


CHANNEL 


1 



2 

3 



REPLICATE 

1 


2 

1 

2 

1 

2 

1 

LAG 









1 

0*90 


0*90 

0*95 
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3 

0*70 


0*65 

0.79 
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0.71 


0.60 
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0.49 
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0«44 
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0.55 
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0.44 
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0.41 
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0.43 


0.39 
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0*43 
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0*47 
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0*43 
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0.41 
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0*49 
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0.38 

0.39 

0*44 
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0.24 
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0.24 
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7 
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0,59 

0,43 

0.57 

0.51 

0,57 

0.39 


0,24 

5 

0,36 
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0,51 

0,65 

0,42 

0.37 

0,43 


0,41 

6 

0,68 


0,50 

0.46 

0.61 

0,36 

0,28 

0,40 


0,38 

7 

0.67 


0.46 

0,41 

0,56 

0.31 

0.19 

0.38 


0,34 

8 

0,65 


0,43 

0,37 

0.52 

0.27 

0,12 

0,37 


O.v^O 

9 

0,62 


0,39 

0.33 

0,47 

0.25 

0,07 

0,35 


0.25 

10 

0,60 


0,33 

0,30 

0,44 

0.25 

0.05 

0,33 


0,21 





DENVER 7 

TRACK 

4f AREA 

3f ACF 




CHANNEL 


1 



2 

3 



4 


REPLICATE 

1 


2 

1 

2 

1 

2 

1 


2 

LAG 











1 

0,86 


0.87 

0,92 

0,91 

0.83 

0.79 

0.86 


0.89 

2 

0,71 


0.73 

0,81 

0,78 

0,63 

0,53 

0.68 


0,74 

3 

0,58 


0,63 

0.73 

0,66 

0,50 

0.38 

0.54 


0,61 

4 

0,49 


0,55 

0,66 

0,56 

0,41 

0,29 

0.43 


0.49 

5 

0.39 


0,46 

0.59 

0,47 

0,34 

0,25 

0,37 


0,40 

6 

0,32 


0,39 

0,53 

0,40 

0,27 

0,22 

0,29 


0,32 

7 

0,25 


0,33 

0,49 

0,35 

0,21 

0.17 

0.21 


0,25 

8 

0,21 


0,29 

0.47 

0,32 

0,17 

0,10 

0,15 


0,19 

9 

0,18 


0.24 

0,45 

0,30 

0,14 

0,04 

0,11 


0,13 

10 

0,14 


0,20 

0,42 

0,28 

0,10 

-0.02 

0.09 


0,08 
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DENVER f 

TRACK 

A 9 AREA 

49 ACF 


CHANNEL 


1 



2 


3 


REPLICATE 

1 


2 

1 

2 

1 

2 

1 

LAG 









1 

0.81 


0.79 

0*84 

0.85 

0.78 

0.77 

0*85 

2 

0.59 


0.59 

0*64 

0.68 

0.53 

0.50 

0.68 

3 

0.45 


0.47 

0.52 

0.58 

0.41 

0.39 

0*53 

4 

0.37 


0.38 

0.42 

0.50 

0.34 

0.32 

0*38 

5 

0.35 


0.30 

0.32 

0.42 

0.31 

0.29 

0.31 

6 

0.33 


0.24 

0.25 

0.34 

0*28 

0.26 

0.25 

7 

0.29 


0.23 

0.19 

0*30 

0.24 

0.23 

0.21 

8 

0.24 


0.23 

0.15 

0.28 

0.20 

0.20 

0.17 

9 

0.17 


0.16 

0.14 

0.25 

0.16 

0.17 

0.14 

10 

0.14 


0.12 

0.13 

0.21 

0.12 

0* 13 

0.10 





DENVER f 

TRACK 

4 9 AREA 

5f ACF 


CHANNEL 


1 



2 


3 


REPLICATE 

1 


2 

1 

2 

1 

2 

1 

LAG 









1 

0.84 


0.85 

0.80 

0*84 

0.79 

0.80 

0.83 

2 

0.67 


0.69 

0.57 

0.67 

0.59 

0.59 

0*65 

3 

0.56 


0.59 

0.44 

0.58 

0.51 

0.49 

0.51 

4 

0.47 


0.50 

0.38 

0.52 

0.44 

0.42 

0*40 

5 

0.40 


0.43 

0.33 

0*48 

0.38 

0.37 

0 * oi6 

6 

0.36 


0.39 

0.30 

0.44 

0.32 

0.35 

0.32 

7 

0.31 


0.35 

0.27 

0.40 

0.28 

0*32 

0.29 

8 

0.30 


0.30 

0.26 

0.37 

0.24 

0.30 

0.24 

9 

0.29 


0.25 

0.24 

0.34 

0.19 

0.27 

0.19 

10 

0.26 


0*21 

0.26 

0.32 

0*16 

0.25 

0.17 
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2 


0.83 

0.64 

0.50 

0.37 

0.30 

0.24 

0.19 

0.14 

0.09 

0.06 


2 


0.79 

0.57 

0.40 

0.29 

0.25 

0.21 

0.19 

0.16 

0.14 

0.14 


DENVER PACF 
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DENVER f 

TRACK 

If AREA 

If PACE 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.94 

0.92 

0.96 

0.97 

0.95 

. 0.93 

0.89 

0.88 

2 

“0.04 

“0.08 

“0.17 

“0.12 

“0.03 

“0.13 

“0.09 

“0.26 

3 

O.IS 

0.17 

0.26 

0.21 

0.19 

0.26 

0.24 

0.21 

4 

0.07 

0.13 

0.11 

0.10 

“0.02 

0.06 

0.05 

0.00 

5 

0.09 

0.07 

0.07 

0.00 

0.05 

0.05 

0.05 

0*03 

6 

0.09 

0.12 

0.07 

0.04 

0*06 

0.05 

0.04 

0.00 

7 

0.04 

0.08 

0.10 

0*08 

0.10 

0.07 

0.00 

0.00 

8 

0.05 

0.07 

0*06 

0.03 

0*08 

0.08 

0.09 

0.03 

9 

“0.02 

0.04 

0.02 

0.03 

0.02 

0.04 

0.02 

0.01 

10 

C.12 

0*06 

0.12 

Ool3 

0.04 

0.01 

0.04 

0*01 




DENVER f 

TRACK 

Ir AREA 

2f PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.93 

0.93 

0.94 

0.90 

0.93 

0.94 

0.88 

0.91 

2 

“0.13 

-0.22 

“0.21 

“0.36 

“0.24 

“0.29 

“0.29 

“0.14 

3 

0.20 

0.08 

0.18 

0.38 

0.15 

0.23 

0.09 

0.18 

4 

“0.07 

“0.09 

0.02 

“0.04 

“0.04 

“0.02 

0.00 

“0.04 

5 

-0.01 

-0.07 

0.04 

0.08 

0.08 

0.12 

0.04 

0.08 

6 

0.02 

0.04 

0.01 

0.14 

0.02 

0.02 

0.07 

“0.01 

7 

0.01 

0.04 

-0.01 

0.01 

0.04 

0.01 

0.00 

0.01 

8 

“0.03 

0.03 

0*08 

0.11 

0.01 

0.05 

0.00 

“0.04 

9 

“0.04 

0.06 

“0.02 

“0.08 

0.00 

0.00 

0.00 

0.07 

10 

0.06 

0.04 

0.00 

0.03 

0.04 

0.03 

“0,01 

0.00 




DENVER* 

TRACK 

If AREA 

3f PACE 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

O 

1 

2 

1 

2 

1 

2 

LAG 









1 

0*88 

0.94 

0.93 

0.93 

0.90 

0.92 

0.88 

0.90 

2 

“0.17 

“0.15 

-0.33 

“0.33 

“0.34 

“0.20 

“0.31 

“0.29 

3 

0.28 

0.25 

0.27 

0.24 

0.19 

0.21 

0.22 

0.13 

4 

“0.03 

0.05 

0.03 

“0.04 

0.03 

0.00 

“0.10 

“0.05 

5 

0.14 

0.04 

0.03 

0.14 

0.04 

0.10 

0.03 

0.06 

6 

0.08 

0.00 

“0.09 

0.00 

0.05 

0.04 

0*04 

0.00 

7 

0.02 

0.02 

“0.03 

0.02 

“0.02 

0.03 

0.01 

“0.03 

8 

0.05 

0.06 

0.06 

0*01 

0.00 

“0.01 

“0.05 

“0.02 

9 

“0.09 

0.00 

“0.07 

0.02 

“0.05 

0.02 

0.00 

“0.02 

10 

“0.01 

0*06 

0*11 

-^0.06 

0.00 

0.04 

0.02 

“0.02 
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DENVER r 

TRACK 

1* AREA 

4 * PACE 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 , 

LAG 









1 

0.91 

0.91 

0.93 

0.91 

0.87 

0.92 

0.88 

0.92 

2 

-0.18 

-0.16 

-0.20 

-0.26 

-0.19 

-0.34 

-0.24 

-0.31 

3 

0.13 

0.06 

0.25 

0.16 

0.16 

0.22 

0*12 

0.19 

4 

0.03 

0.03 

0.02 

“0.05 

0.03 

0.05 

0.02 

0.03 

5 

0.03 

0i05 

0.11 

0.09 

0.10 

0.07 

0.00 

0.01 

6 

0.09 

0.00 

0.04 

-0.01 

0*04 

-0.03 

0.01 

0.01 

7 

0.08 

O.OS 

-0.01 

-0.05 

-0.05 

-0.04 

0.05 

0.00 

8 

0.01 

0.05 

0*04 

-0.01 

0.04 

0.04 

0.03 

0.03 

9 

-0.03 

-0.03 

-0.06 

-0.01 

-0.02 

-0.04 

0.02 

0.05 

10 

0.09 

o.ot 

0.05 

0*03 

0.07 

-0.02 

-0.03 

-0.01 




DENVER* 

TRACK 

1* AREA 

5* PACF 



CHANNEL 


1 


2 


3 


4 

REPLj ;ate 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.91 

0.89 

0.92 

0.94 

0.91 

0.92 

0.93 

0.93 

2 

-0.26 

-0.20 

-0.28 

-0.35 

-0.28 

-0.23 

-0.34 

-0.32 

3 

0.18 

0.12 

0.19 

0.12 

0.24 

0.08 

0.13 

0.12 

4 

-0.01 

0.04 

-0.10 

0.06 

-0.02 

0.00 

-0.08 

-0.03 

5 

0.04 

0.05 

0.00 

-0.03 

0.05 

0.01 

0.03 

0.01 

6 

-0.04 

0.00 

-0.02 

0.06 

0*03 

0.05 

-0.05 

0.03 

7 

-0.01 

“0.03 

0.08 

0.01 

0.07 

-0.03 

-0.02 

0.01 

8 

0.05 

0.00 

-0.01 

-0.01 

0.04 

0.04 

-0.03 

0.01 

9 

0.06 

0.01 

-0.03 

-0.09 

0.02 

-0.01 

0.02 

-0.03 

10 

0.08 

0.01 

0.03 

0.01 

0.00 

0.03 

0*03 

0.05 




DENVER* 

TRACK 

2* AREA 

1* PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.92 

0.93 

0.92 

0.92 

0.90 

0*81 

0*86 

0.82 

2 

0.03 

0.02 

-0.08 

-0.10 

-0.09 

-0.11 

0.03 

-0.13 

3 

0.09 

0.14 

0.20 

0.20 

0.16 

0.18 

0.19 

0.20 

4 

0.03 

0.01 

0.08 

0.15 

0.07 

0.03 

0.09 

0.00 

5 

0.08 

0.02 

0.08 

0.06 

0.10 

0.08 

0.03 

0.01 

6 

0.09 

-0.01 

0.08 

0.09 

0.07 

0.04 

0.00 

0.07 

-7 

r 

0.03 

0*04 

0.06 

0*03 

0.11 

-0.01 

0.01 

-0.04 

8 

0.11 

0.02 

0.05 

0.07 

0.05 

-0.01 

0.00 

0.02 

9 -0.01 

0.00 

0.02 

0.02 

0.03 

0.08 

0.03 

0.08 

10 

0.12 

0.02 

0.02 

0.04 

0*06 

0*03 

0*08 

0.00 
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DENVER » 

TRACK 

2 * AREA 

. 2 * PACF 



CHANNEL 


1 



2 


3 


4 

REPLICATE 

1 


2 

1 

2 

1 

2 

1 

2 

LAG 










1 

0*93 


0,93 

0.93 

0.96 

0.94 

0,90 

0.93 

0.89 

2 - 0*17 


- 0.14 

- 0.28 

- 0.20 

- 0.28 

- 0.17 

- 0.29 

- 0.28 

3 

0.20 


0.09 

0.22 

0*20 

0.17 

0.23 

0.18 

0.19 

4 

0.11 


0.04 

0.03 

0*01 

0*08 

0.00 

0.00 

0.00 

5 

0.10 


0.08 

0.10 

0.06 

0.07 

- 0.03 

0.08 

0.06 

6 

0.06 


0.08 

0.04 

0.12 

0.03 

- 0.05 

- 0.01 

0.00 

7 

0.08 


0.04 

0.06 

0.00 

0.06 

- 0.02 

0*05 

- 0.03 

8 

0.11 


0.13 

0*01 

0*08 

0.07 

0.06 

0.02 

0.06 

9 

0.01 


- 0.03 

0.03 

0.01 

0.06 

0.03 

0.08 

0.06 

10 

0.06 


0*02 

0.06 

0*08 

0.03 

0.02 

0.01 

0.01 





DENVER * 

TRACK 

2 * AREA 

3 * PACF 



CHANNEL 


1 



2 


3 


4 

REPLICATE 

1 


2 

1 


1 

2 

1 

2 

LAG 










1 

0.92 


0.93 

0.95 

0.94 

0.94 

0.92 

0.92 

0.95 

2 - 0,24 


- 0.20 

- 0.23 

- 0.27 

- 0.10 

- 0.15 

- 0,32 

- 0.27 

3 

0.20 


0.19 

0.22 

0.18 

0.17 

0.30 

0,15 

0.20 

4 

0.02 


0. 10 

0.01 

- 0.01 

0.03 

0.06 

“ 0,04 

0.05 

5 

0.05 


0.08 

0.03 

0.05 

0.01 

0.02 

0.07 

0.10 

6 

0.13 


0.04 

0.04 

0*03 

0.00 

- 0.06 

0,05 

0.03 

7 

0.08 


0.08 

0.10 

0.10 

0.00 

0.01 

0*03 

0.04 

8 

0.05 


0.06 

0.04 

0.08 

0.04 

0.03 

- 0.01 

0.10 

9 

0.00 


0.01 

0.05 

0.04 

0.07 

0.02 

0.01 

0.05 

10 

0.07 


0.07 

0.05 

0.05 

0.05 

0.07 

0.04 

0.01 





DENVER * 

TRACK 

2 * AREA 

4 * PACF 



CHANNEL 


1 



2 


3 


4 

REPLICATE 

1 


2 

1 

2 

1 

2 

1 

2 

LAG 










1 

0.90 


0.90 

0.95 

, 0.94 

0.93 

0.90 

0.92 

0.90 

*? 

- 0.12 


- 0.29 

- 0.36 

“ 0.28 

- 0.16 

- 0.36 

- 0.30 

- 0.26 

3 

0.14 


0.13 

0.22 

0.20 

0.12 

0.12 

0*08 

0.19 

4 

- 0.09 


0.02 

0.01 

- 0.01 

0.03 

- 0.05 

0.02 

- 0.01 

5 

0.09 


0.15 

0.04 

0*06 

- 0.01 

0,01 

0.09 

0.03 

6 

0.01 


0.07 

0.00 

0.06 

0.08 

0.07 

0.03 

- 0.04 

7 

0.06 


- 0.03 

0.12 

0.07 

0.07 

0.08 

0,03 

- 0.02 

8 

0.02 


0.02 

0.01 

0.07 

- 0.02 

- 0.01 

0.02 

- 0.04 

9 

0.02 


0.11 

- 0.05 

- 0.04 

0,01 

0.02 

- 0.02 

0.03 

10 

0.04 


0.01 

0.08 

0.06 

0,04 

0.02 

0.02 

- 0.05 
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DENVER f 

TRACK 

2 f AREA 

5 f PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.88 

0.91 

0.95 

0.94 

0.93 

0*88 

0.91 

0.85 

2 

“- 0.12 

- 0.21 

- 0.28 

- 0.24 

- 0.27 

- 0.41 

- 0.21 

- 0.32 

3 

0.22 

0.13 

0.27 

0.23 

0.15 

0.13 

0.14 

0.12 

4 

0.00 

0*05 

0.03 

0*04 

0.05 

0.01 

- 0.01 

0.00 

5 

0*02 

0*08 

0*12 

0.01 

0.12 

0.05 

0.05 

0.01 

6 

- 0.04 

- 0.03 

0*10 

0.05 

0.01 

- 0.02 

- 0.03 

- 0.01 

7 

0.07 

0.00 

- 0.02 

0*06 

0.03 

- 0.04 

- 0.01 

0.00 

8 

0.02 

0.04 

- 0.07 

- 0.01 

- 0.03 

- 0.02 

0*02 

0.05 

9 

- 0.05 

- 0.04 

- 0.01 

- 0.04 

0.01 

- 0.02 

0*05 

0.01 

10 

0.03 

0.03 

0.03 

- 0.03 

0.18 

- 0.01 

- 0.03 

0*06 




DENVER r 

TRACK 

3 » AREA 

If PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.82 

0.86 

0.93 

0.84 

0.83 

0.86 

0.91 

0*86 

2 

- 0.09 

- 0.09 

- 0.15 

- 0.09 

- 0.01 

- 0.05 

- 0.14 

- 0.05 

3 

0.19 

0.09 

0.09 

0.14 

0.12 

0.11 

0.21 

0.16 

A 

0*11 

0*05 

- 0.03 

0.01 

- 0.02 

0*03 

0.02 

0.01 

5 

- 0.03 

0.01 

0.00 

0.00 

- 0.02 

0.01 

0.07 

0.05 

6 

0.06 

0.01 

0.04 

0.00 

0.11 

0.02 

0.00 

0.03 

7 

0.07 

0.00 

0.02 

0.01 

0.01 

0.04 

0.04 

0.01 

8 

0.08 

0.01 

0.07 

0.00 

0.04 

0.05 

0.03 

0.04 

9 

- 0.05 

- 0.10 

- 0.03 

0.03 

- 0.01 

- 0.02 

0.03 

0.00 

10 

0.02 

0*04 

0.08 

0.00 

0.00 

0.03 

0.02 

0*02 




DENVER f 

TRACK 

3 > AREA 

2 f PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0*81 

0.84 

0.87 

0.86 

0.88 

0*85 

0.87 

0.87 

2 

- 0.24 

- 0.22 

- 0.34 

- 0.28 

- 0.25 

- 0.16 

- 0.42 

- 0.33 

3 

0.10 

0.10 

0.12 

0.16 

0.04 

0*21 

0.22 

0.14 

A 

- 0.01 

- 0.03 

- 0.03 

0.00 

0.00 

0*08 

- 0.05 

- 0.10 

5 

0.02 

0.05 

0.06 

0.03 

- 0.02 

0.04 

0.07 

0.02 

6 

0.06 

0.04 

- 0.05 

0.00 

0.08 

- 0.05 

0.02 

0.00 

7 

0.05 

0.06 

- 0.01 

0.01 

- 0.01 

0.08 

- 0.06 

0.10 

8 

0.05 

0.09 

0*05 

- 0.02 

0.05 

0.03 

0.02 

- 0.08 

9 

0.00 

- 0.01 

- 0.03 

- 0.02 

- O.Oi 

0.04 

0.05 

0.02 

10 

0.08 

0.00 

0.03 

0*01 

- 0.01 

0.00 

- 0.01 

0*03 
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DENVER r 

TRACK 

3r AREA 

3» PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0«85 

0.88 

0.90 

0.93 

0.91 

0*89 

0.87 

0.84 

2 

-0.19 

-0.21 

-0.23 

-0.33 

-0.22 

-0.23 

-0.26 

-0.19 

3 

0*06 

0*06 

0.15 

0.22 

0.16 

0.09 

0.14 

0*20 

4 

-0.01 

0*04 

-0.01 

0.00 

-0.03 

-0.04 

-0.07 

-0.12 

5 

0.03 

0.05 

0.10 

0.07 

0.02 

0*04 

0*01 

0.09 

6 

0.07 

0.08 

0.09 

0.02 

0.04 

0.03 

-0.02 

0.02 

7 

0*03 

0*02 

0*08 

0.03 

0*05 

0*06 

0.03 

0.02 

8 

0.00 

0.04 

-0.01 

0*01 

0*03 

0*04 

-0.02 

0*11 

9 

-0.03 

-0.01 

-0.02 

-0.04 

0.02 

-0.04 

-0.04 

0.08 

10 

0*05 

0.01 

-0.03 

0.10 

0.00 

0.01 

0.00 

-0.03 




DENVER r 

TRACK 

3f AREA 

4» PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.85 

0.85 

0.91 

0.92 

0*83 

0.87 

0.90 

0.87 

2 

-0.15 

-0.20 

-0.19 

-0.15 

-0.15 

-0.21 

-0.17 

-0.24 

3 

0.22 

0*11 

0.21 

0.23 

0.17 

0.14 

0*13 

0.25 

4 

0.00 

0.04 

-0.12 

0.01 

0*06 

0.00 

-0.06 

-0.01 

5 

0.12 

0.00 

0.08 

0.05 

0.03 

-0.01 

0.03 

0.09 

6 

0.03 

-0.03 

0.05 

0*02 

0*03 

0.08 

0.07 

0.01 

7 

0.02 

-0.01 

0.03 

0.00 

0.04 

0.02 

0.03 

-0.06 

8 

0.04 

0.06 

0.07 

0.08 

0.02 

0.05 

-0.04 

-0.11 

9 

-0.01 

0.02 

0.08 

0.01 

0.00 

0.02 

-0.07 

0.03 

10 

0.10 

-0.02 

0.05 

0.09 

0.06 

0.03 

0.06 

0.03 




DENVER r 

TRACK 

3f AREA 

5» PACF 



CHANNEL 


1 




3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

*? 

LAG 









1 

0.94 

0.93 

0.94 

0.95 

0.88 

0.89 

0*88 

0.91 

2 

-0.13 

-0.02 

-0.22 

-0.19 

-0.12 

-0.17 

-0.24 

-0.07 

3 

0.23 

0.22 

0.21 

0.25 

0.17 

0.27 

0.18 

0.20 

4 

0.03 

0.11 

<^00 

0*08 

0.02 

-0.02 

0.00 

0.07 

5 

0*08 

0.04 

O.07 

0.17 

0.10 

0.08 

0.10 

0.07 

6 

0.01 

0.04 

0.07 

0*03 

-0.01 

0.05 

-0.05 

0.05 

7 

0.05 

0*03 

0.07 

0*06 

0.08 

0*03 

0.11 

0.14 

8 

0.00 

0.08 

0*02 

0.06 

0.05 

-0.04 

0.01 

0.10 

9 

0.04 

0.05 

0.01 

-0.02 

-0.01 

0.02 

0*03 

-0.04 

10 

0.08 

0.04 

0*12 

0*04 

0.03 

0*05 

0.00 

-0.01 
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OENMER* 

TRACK 

4* AREA 

1* PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0*82 

0*84 

0*86 

0.87 

0.82 

0.83 

0.83 

0.76 

2 

-0*11 

-0.04 

-0.20 

-0.09 

-0.06 

-0.06 

-0.11 

-0.03 

3 

0.07 

0.17 

0.04 

0.10 

0.18 

0.25 

0.01 

-0.07 

4 

0*03 

0*09 

-0.01 

0.00 

-0.02 

0.00 

-0.03 

-0.07 

5 

-0.03 

0*02 

0.06 

0.00 

0*06 

0.07 

0.18 

0.15 

6 

0*03 

0.00 

-0.01 

-0.04 

0.02 

0.04 

-0.04 

0.02 

7 

0*00 

0*05 

0.00 

C.05 

0.02 

0.04 

-0.01 

0.00 

8 

-0*03 

0*06 

-0.02 

0.04 

0.06 

0.07 

-0.01 

0.01 

9 

-0*03 

0.09 

-0.01 

-0.07 

0.01 

0*01 

0*05 

0.07 

10 

0*08 

0*02 

0.03 

-0.05 

0.06 

0*08 

-0.03 

0*01 




DENVER r 

TRACK 

4* AREA 

2* PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.86 

0.93 

0*91 

0.92 

0.84 

0*87 

0 f ®4 

0.87 

2 

0*16 

-0.30 

-0*32 

-0.03 

-0.16 

-0.22 

-0*01 

-0.08 

3 

0*20 

0.04 

0*17 

0*05 

0*16 

0*13 

-0*03 

-0.08 

4 

0.12 

-0.03 

0*00 

-0*01 

0.01 

-0.09 

-0*03 

-O.OS 

5 

0*06 

0*01 

0*04 

0.03 

0*03 

-0.02 

0*22 

0*22 

6 

0*06 

0.09 

0.00 

0.03 

'0*04 

-0.05 

-0*01 

0.00 

7 

0.04 

0*06 

-0.02 

-0.03 

0.02 

-0*04 

0*05 

-0.04 

8 

0.01 

-0*03 

0*03 

O.Cl 

0*03 

-0»01 

0*01 

-0.05 

9 

0*00 

-0*10 

0*01 

-0 * 06 

O.M 


0.06 

0*02 

iO 

0*01 

-0*06 

0*5>2 

0.05 

0.11 

6*01 

0.00 

0*04 




DENVER* 

TRACK 

4» AREA 

3* PACF 



CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0*86 

0*87 

0*92 

0.91 

0.83 

0*79 

0.86 

0*89 

2 

-0*13 

-0*12 

-0*21 

-0.32 

-0*21 

-0*25 

-0.26 

-0*22 

3 

0*04 

0*06 

0*21 

0.09 

0.15 

0*16 

0*09 

0*02 

4 

0*01 

0*02 

-0*10 

-0.04 

0.00 

-0*02 

0*01 

-0*06 

5 

-0.06 

-0.04 

-0.04 

0*01 

-0.02 

0*09 

0.08 

0*05 

6 

0*02 

-0.01 

. 0.07 

0*05 

0.00 

-0*02 

-0.15 

-0*06 

7 

-0.04 

0.02 

0.05 

-0.01 

-0.02 

-0.02 

0.00 

0.01 

8 

0.09 

0.03 

0.12 

0.10 

0*04 

-0.06 

0.00 

-0.06 

9 

-0.03 

-0.08 

-0.09 

-0.01 

-0*03 

-0.04 

0*05 

-0.02 

10 

-0.02 

0*04 

0.05 

0.00 

-0.02 

-0.04 

-0.04 

-0.01 
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DENVER r 

TRACK 

4f AREA 

At PACF 



CHA.VNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









1 

0.81 

0.79 

0.84 

0.85 

0.78 

0.77 

0.85 

0.83 

2 

-0.18 

-0.09 

-0.20 

-0.16 

-0.20 

-0.21 

-0.16 

-0.16 

3 

0.10 

0.09 

0.17 

0.17 

0.17 

0.21 

-0.02 

0.02 

4 

0.06 

0.02 

-0.10 

-0.02 

0.00 

-0.04 

-0.09 

-0.05 

5 

0.08 

-0.03 

0.00 

-0.04 

0.11 

0.10 

0.15 

0.11 

6 

0.03 

0.02 

0.01 

0.00 

-0.03 

0.00 

-0.02 

-0.04 

7 

-0.01 

0.07 

-0.03 

0.08 

0.03 

0.03 

0.01 

-0.02 

8 

-0.03 

0.05 

0.05 

0.01 

0.00 

0.00 

— 0 . 05 

-0.01 

9 

-0.04 

-0.14 

0.01 

-0.03 

-0.03 

-0.02 

0.03 

-0.02 

10 

0.03 

0.05 

0.04 

0.01 

-0.01 

-0.01 

-0.04 

0.00 
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TRACK 
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CHANNEL 


1 


2 


3 


4 

REPLICATE 

1 

2 

1 

2 

1 

2 

1 

2 

LAG 









I 

0.84 

0.85 

0.80 

0.8^ 

0.79 

0.80 

0.83 

0.79 

2 

-0.10 

-0.08 

-0.22 

-0.15 

-0.08 

-0.16 

-0.12 

-0.16 

3 

0.09 

0.09 

0.16 

0.20 

0.19 

0.21 

0.03 

0.03 

4 

-0.04 

-0.03 

0.06 

0.02 

-0.03 

-0.05 

-0.01 

-0.01 

5 

0.08 

0.04 

-0.01 

0.07 

0.05 

0.10 

0.15 

0.13 

6 

0.02 

0.05 

0.08 

0.01 

-0.03 

0.03 

-0.05 

-0.05 

7 

-0.01 

-0.02 

0.01 

0.02 

0.04 

0.02 

0.04 

0.04 

8 

0.11 

-0.01 

0.06 

0.03 

-0.03 

0.03 

-0.04 

-0.01 

9 

0.00 

-0.05 

-0.01 

-0.01 

-0.01 

0.01 

-0.01 

0.04 

10 

-0.04 

0.04 

0.14 

0.03 

0.02 

0.03 

0.03 

0.03 
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RICHHONDr TRACK 

ir AREA Ir ACF 

CHANNEL 

1 

2 

3 4 

REPLICATE 

LAG 

1 2 

1 2 

12 12 


1 

0«83 


0*82 

0.87 

o 

0*64 


0*65 

0*71 

3 

0.49 


0*52 

0*58 

4 

0*36 


0*44 

0*51 

5 

0*26 


0*38 

0*46 

6 

0*17 


0*34 

0*41 

7 

0*12 


0*29 

0.36 

8 

0*11 


0*26 

0.32 

9 

0*12 


0*21 

0*28 

10 

0*15 


0*19 

0*25 





RICHHOND 

CHANNEL 


1 


2 

REPLICATE 

1 


o 

Am 

1 

LAG 





1 

0*79 


0.77 

0.83 

2 

0*63 


0.57 

0.62 

3 

0*52 


0*46 

0.45 

4 

0*44 


0*39 

0.32 

5 

0*38 


0.36 

0*23 

6 

0*35 


0.35 

0*19 

7 

0*34 


0.35 

0*16 

8 

0*34 


0*37 

0*15 

9 

0*27 


0*30 

0*12 

10 

0*24 


0*25 

0*12 





RICHMOND 

CHANNEL 


1 


2 

REPLICATE 

1 



1 

LAG 





1 

0*79 


0*83 

0*85 

2 

0*58 


0*64 

0*65 

3 

0*43 


0*51 

0*49 

4 

0*33 


0*41 

0*37 

5 

0.24 


0*32 

0*29 

6 

0*18 


0*25 

0*23 

7 

0*15 


0*19 

0*19 

8 

0*17 


0*15 

0*16 

9 

0* 17 


0*11 

0*13 

10 

0.20 


0*06 

0*11 


0*91 

0*90 

0*91 

0*87 

0*91 

0*79 

0*76 

0*79 

0*69 

0*79 

0*70 

0*66 

0*72 

0*53 

0*70 

0*64 

0*60 

0*67 

0*41 

0*64 

0*59 

0*55 

0*63 

0*33 

0*59 

0*54 

0*51 

0*59 

0*26 

0*56 

0*51 

0*48 

0.55 

0*24 

0*53 

0*48 

0*46 

0*52 

0.20 

0*51 

0*44 

0*44 

0*49 

0*15 

0*50 

0*40 

0*41 

0*48 

0*10 

0*48 

TRACK 

If AREA 2f ACF 

3 

4 

2 

1 

2 

1 

itm 


0*84 

0.79 

0.83 

0.76 

0*77 

0*66 

0.55 

0*60 

0*53 

0*49 

0*54 

0.40 

0*45 

0.44 

0*37 

0*44 

0.33 

0*33 

0*37 

0*28 

0*37 

0*30 

0*24 

0*33 

0*20 

0*30 

0*29 

0*17 

0*28 

0*17 

0*25 

0*28 

0*13 

0*22 

0*16 

0*21 

0*25 

0*13 

0*16 

0*13 

0*18 

0*20 

0*13 

0*09 

0*11 

0*14 

0*14 

0*14 

0*04 

0*11 


TRACK 

If AREA 

3f ACF 


3 

4 

o 

1 

2 12 


0*86 

0*84 

0*86 

0*78 

0*80 

0*67 

0*68 

0.70 

0*55 

0*64 

0*56 

0*58 

0*58 

0*45 

0*55 

0*49 

0*49 

0*49 

0*38 

0*45 

0*41 

0*44 

0*42 

0*31 

0*38 

0*32 

0*41 

0*35 

0*25 

0*31 

0*25 

0*39 

0*29 

0*23 

0*22 

0*22 

0*37 

0*23 

0*22 

0*16 

0*18 

0*36 

0*18 

0*20 

0*12 

0*13 

0*34 

0*14 

0*17 

0*05 
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RlCHHONDf 

TRACK 

If AREA Af ACF 



CHANNEL 


1 



2 



3 



4 


REPLICATE 

1 


2 

1 


2 

1 


2 

1 


2 

LAG 













1 

0«65 


0.77 

0*81 


0.81 

0.84 


.0*80 

0*73 


0*74 

2 

0*42 


0.59 

0.58 


0.58 

0.65 


0*59 

0.45 


0*45 

3 

0*33 


0.52 

0.42 


0*44 

0*52 


0*45 

0.31 


0*31 

A 

0*29 


0.48 

0.32 


0*35 

0*45 


0*36 

0.29 


0.24 

5 

0*28 


0*42 

0.27 


0.31 

0.41 


0.30 

0.29 


0.19 

6 

0*24 


0.37 

0.25 


0*30 

0.37 


0.23 

0*30 


0.14 

7 

0*27 


0*38 

0.23 


0*31 

0*35 


0.21 

0*28 


0*12 

8 

0*32 


0*39 

0*23 


0*33 

0*32 


0.21 

0*22 


0*10 

9 

0*29 


0*32 

0.23 


0*31 

0.30 


0.20 

0.15 


0*09 

10 

0*26 


0*29 

0.21 


0*28 

0.28 


0*21 

0.12 


0*08 





RlCHHONDf 

TRACK 

If AREA 5f ACF 



CHANNEL 


1 



2 



3 



4 


REPLICATE 

1 


2 

1 


2 

1 


o 

Am 

1 


2 

LAG 













1 

0*78 


0.78 

0.82 


0,79 

0.74 


0.80 

0.73 


0*76 

2 

0*51 


0.46 

0.54 


0*52 

0.46 


0.56 

0.46 


0.49 

3 

0*35 


0.28 

0.35 


0.39 

0.33 


0.44 

0*32 


0.34 

4 

0*25 


0.24 

0*23 


0.31 . 

0.27 


0.37 

0*26 


0.24 

5 

0*20 


0.24 

0.16 


0.25 

0.24 


0.28 

0.19 


6.19 

6 

0.16 


0.22 

0.11 


0.19 

0.23 


0*20 

0.15 


0*16 

7 

0*13 


0.19 

0.10 


0.13 

0.20 


0*16 

0*15 


0*13 

8 

0*12 


0.16 

0.12 


0.08 

0*17 


0.14 

0.15 


0*13 

9 

0.06 


0.09 

0.16 


0.06 

0. 13 


0.14 

0.13 


0*14 

10 

0.02 


0.03 

0.17 


0.07 

0*12 


0.13 

0.11 


0.11 





RlCHHONDf 

TRACK 

2f AREA If ACF 



CHANNEL 


1 



o 

Am 



3 



4 


REPLICATE 

1 


2 

1 


2 

1 


2 

1 


2 

LAG 













1 

0.83 


0.80 

0.86 


0.84 

0.83 


0.83 

0.75 


0.74 

2 

0.65 


0.54 

0.65 


0.63 

0.64 


0.61 

0.54 


0.47 

3 

0*52 


0.34 

0.48 


0.50 

0.51 


0.43 

0.43 


0.33 

4 

0.42 


0.20 

0.36 


0.41 

0,40 


0.27 

0.34 


0.22 

5 

0.34 


0.10 

0.28 


0.34 

0.32 


0*16 

0.28 


0*14 

6 

0.27 


0.02 

. 0.22 


0.27 

0.30 


0*08 

0.23 


0.11 

7 

0*20 


-0.01 

0.19 


0.22 

0.26 


0.04 

0.19 


0.09 

8 

0*17 


0.01 

0.17 


0.18 

0*21 


0.02 

0*18 


0.05 

9 

0*14 


0.01 

0.16 


0.14 

0*19 


0.01 

0*19 


0.01 

10 

0*12 


0.01 

0.15 


0.10 

0*18 


-0 *01 

0*21 


0.00 


- 185 - 


PAGi SS 
OE POOR QUAtiTY 


RICHNONDf TRACK 2» AREA 2» ACF 
CHANNEL 1234 


REPLICATE 

1 


2 

1 


2 

1 

2 

1 


2 

LAG 












1 

0.89 


0.83 

0.83 


0.87 

0.85 

0.84 

0.75 


0.76 

2 

0.73 


0.59 

0.62 


0.66 

0.66 

0.67 

0.51 


0.53 

3 

0.61 


0.41 

0.49 


0.50 

0.53 

0.57 

0.42 


0.39 

4 

0.51 


0.28 

0.40 


0.39 

0.40 

0.48 

0.37 


0.27 

5 

0.43 


0.19 

0.33 


0.31 

0.29 

0.39 

0.33 


0.18 

6 

0.36 


0.13 

0*26 
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Appendix C 


Original Photo-Interpreted Overlays 


These data are the basis of the accuracy evaluation. They 
were provided by Mr. David Toll of NASA Goddard Space Flight Center. 
They are in two groups; 
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Appendix D 


Results of Photo-Interpretation 


The data which follow represent the ground truth grids 
which were obtained by digitizing the original photo-interpretation 
overlays supplied by NASA. They are arranged by quadrangle in two 


sections: 
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Append lx E 

Results of Analysis of Ground Truth 

These data are presented, as with the other apprndices, 
separately for phase I and phase II. Within each of these the results 
of the program BLKFND, the pixels which are not on the boundary of a 

set of pixels of the same land cover class, are indicated by "1", the 

remaining pixels by "0". The second set of grids show the pixels 

chosen by DIFIND as being available for the training of pixels in the 

DIFFUSE method. Thus the appendix is organized as follows: 


1 . Phase One 

a . BLKFND 

b. DIFIND 


2. Phase Two 257 

a. BLKFND 257 

b. DIFIND 269 
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Appendix G 


Results of ABSTAT - Confusion Tables 


These data represent the Individual confusion tables which 
were computed by ABSTAT using the test pixels identified by T£ST@. They 
are in the following order: 
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2. Phase Two 357 
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MAPPING 

1 

1 

1 

CLAS S 

P 

A 

0 

TOTALS 

OMISSIONS 

AC C UP AC I r . 

1 

T 

P PESIDENTIAL <P) 

0 

0 

0 

0 

0 0.00 

0.00 

■’! 

U AGPICULTUPE <AJ 

1 

0 

1 

2 

2 1.00 

0.00 


E OTHEP <0) 

0 

0 

1 

1 

0 0.00 

.50 


TOTALS 

1 

0 

2 

3 

2 


1 

COMISSIONS 

1 

0 

1 






1.00 

0.00 

.50 





OVEPALL CLASSIFICATION 

ACCUPACY 

. 33 


P<. ALPHA EPPOP )» 

. 50 










OVEPALL MAPPING ACCUPACY 

. 33 


P<BETA EPPOP) « 

.33 



t -332- 


J 


OP’GfNAL PAGE fS 
OF POOP QUALITY 


C ONFUSION TABLE 

r HftFPED FiS 

CLftSS R ft 0 

T 

F RESIDENTIftL (R> 0 0 0 

U ftCF I CULTURE <ft) 0 0 0 

^ t OTHER <0> 2 0 I 

T JTftLS 2 0 1 3 2 

C OMISSIONS 200 2 

1.00 0.00 0.00 


•ERftLL CLftSSlFICftTlON ftCCUf^'FlCY .33 RCftLRHft ERROF>» .35 

C'VERftLL MftPRING ftCCUPFiCY .11 PCFETft ERROR:* « .22 


TOTftLS 

OMISSIONS 

MftPRING 

ftCCURftClES 

• 0 

0 

0.00 

0.00 

0 

0 

0.00 

0.00 

3 

2 

.€7 

.33 


FIChMONIi SEVEf4 FINES 

^FlI* 11 

TEST TYPE: BLOCK COORDINftTE 


F -.Mill,: seven fir^E* 

* : 1 

■'EST TYRE: BLOCK COORI'INftTE 


■' O NFIJSI on TftBLE 

flftPPEIi ftS 


CLftSS 


F 

ft 

0 

TOTftLS 

OMISSIONS 

7 

F RESIDENTIftL 

<R-* 

0 

0 

0 

0 

0 0.00 

•J ftGR I CULTURE 

<ft) 

0 

0 

0 

0 

0 0.00 

E OTHER 

<0) 

0 

0 

2 

2 

0 0.00 

TOTftLS 


0 

0 

2 

2 

0 

C -iMISSIONS 


0 

0 

0 

0 




0.00 

0. 00 

0.00 




MftPRING 
ftCCURftCIL ■ 

0. 00 
0. 00 
1 . 00 


0 /ERftLL CLftSSlFICftTlON ftCCUFftCY 1 . 0O PtftLRHft ERF;OR>= O.OO 


0, 'ERftLL MftPRING ftCCURftCV 


1 . 00 


PCBETft ERROR) ■ O.OO 


333 


► 1 . C hE? P 1 ELI' 

i !• 1 

TEST TYPE: BLOCK COOPI'IMPTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


C Qf4FUS10H TABLE 


MftPPED ftS 


CLASS 


P 

A 

0 

TOTALS 

I 

f- RESIDENTIAL 

<P> 

0 

0 

0 

0 

•1 AGPICULTUPE 

<A> 

0 

0 

0 

0 

f OTHEP 

(0) 

0 

0 

2 

2 

TOTALS 


0 

0 

•i 

2 

; OMISSIONS 


0 

0 

0 

0 



0. 00 

0.00 

0. 00 



:VtPFiLL CLASS IF ICPTION ACCUPACV 1.00 
^.WFCfiLL MftFF'ING PiCCUPhCV 1.00 


OMISSIONS 

0 0.00 

0 0.00 

0 0.00 

0 


MAPPING 
ACCUPP C IE • 

0.0C 
0.01 
1 . 00 


PC ALPHA EPPOP>» 0.00 
P<BETA EPPOP) « 0.00 


PI'. -r’ iti. I' 

CP 1 1 * & 

•'EST TYPE: BLOCf COOFI'INATE 


^. ■:»4FLISI014 table 

MAPPEI' AS 


CLASJ: 


P 

A 

0 

TOTALS 

OMISSIONS 

PESIDENTIAL 

<P ' 

0 

0 

0 

0 

0 0.00 

AGPICULTUPE 

<A) 

0 

0 

0 

0 

0 0.00 

OTHEP 

CO) 

1 

0 

1 

A. 

1 . 50 


MAFF IN 
ACC UFA ' . fj 

0.00 
0. 00 
.50 


T. 3TALS 


■: EMISSIONS 


1 0 1 

1 0 0 

1.00 0. 00 0. 00 


1 


■EPALL CLASSIF ICATI044 AC C UFA I i .50 


P< ALPHA EPPOP >*= .33 


EPALL MAPPING ACCUPAC v* 


P<EETA EPPOP) * .17 


t«E«TtPFIEuL 


ORIGINAL PAGc iS 
OF POOR QUALITY 


► 1 I 

•> : : i 

TEST type: block COOPLINftTE 


C ONFUSION T(iBLE 

MPPF'ED fil 


CLOSS 


p 

0 

0 

T 

F PESIDENTIOL 

<P) 

0 

0 

0 

1.' OGPICULTUPE 

<0) 

0 

0 

0 

E OTHEP 

<0) 

1 

0 

0 

totols 


1 

0 

0 

COMISSIONS 


1 

0 

0 


1.00 0.00 0.00 





HOPPING 

TOTOLS 

OMISSIONS 

OCCUPOC IE '= 

0 

0 

0.00 

0.00 

0 

0 

0.00 

0.00 

1 

1 

1.00 

0.00 

1 

1 



1 





CVEFOLL CLFlSSIFICt=)T10N FiCCUFFiCV 0.00 
L Miipc pj,- t^rcucciCv O.OO 


F<RLPHFt EPPOF)* .33 
P(BETR EPPOF) * .33 


► ’ C^-EiTE^.; i£. i 

GC'IIi 4 

’£ST TYPE: BLOCK COOPBInRTE 


•. IiNFUSIOr^ TmBlE 

MOPPED OS 


CLOSS 

F 

0 

0 

TOTOLS 

PESIDENTIOL 

<P> 0 

0 

0 

0 

OGPICULTUPE 

(0) 0 

0 

0 

0 

OTHEP 

<■0) 0 

0 


3 

OTOLS 

0 

0 

3 

3 

OMISSIONS 

0 

0 

0 

0 


0. 00 

0. 00 

0.00 



OMISSIONS 

0 0.00 

0 0.00 

0 0.00 

0 


MOPPING 
ftCCUPftC IE. 

0. 00 
0. 0C 
1 . 00 


.. /EPRLL CLFISSIFIGRTION RCCUPRCi 1 . 0O 


PCRLPHR EPPOF)* 0.00 


. .’EPOLL MOPPING OCCUFOCV 


1 . 00 


PaiETO EPPOF) * 0.00 
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MCHMOr^I- CHErTEPriELl' 

GMr '• 

TEST TYPE; BLOCK COOPDINftTE 


ORlOtNAL PAGE » 
OF. POOR QUALITY 


C OMFUSION TftBLE 


CLASS 


P 

MAPPED 

A 

1 

o 

TOTALS 

OMISSIONS 

MAPPING 
ACCUPAC IE'= 

P PESIBENTIAL 

<P> 

0 

0 

0 

0 

0 

0.00 

0.00 

L AGPICULTUPE 

<A) 

0 

0 

0 

0 

0 

0.00 

0.00 

E OTHEP 

(0> 

0 

0 

2 

2 

0 

0. 00 

1.00 

T jTALS 


0 

0 

2 

2 

0 




C OMISSIONS 


0 0 0 


0 


0.00 0.00 0.00 


; ‘EPFiLL CLftSSIFICftTION ACCUFi=lCY 1 . OO F<ALFhM EPF:OF >= O.OO 

: /EFFiLL MAPPING ACCUPACY 1.00 P<i'ETA EPPOC ^ » O.OO 


u** I L & 

TEST TYPE: BLOCK COOPHINATE 


CONFUSION TABLE 


MAPFEL AS 


CLASS 


P 

A 

0 

TOTALS 

PESIDENTIAL 

<P) 

0 

0 

0 

0 

AGPICULTUPE 

<A) 

0 

0 

0 

0 

OTHEP 

CO) 

0 

0 


2 

OTALS 


0 

0 

2 


‘•MISSIONS 


0 

0 

0 

0 



0. 00 

0. 00 

0.00 



OMISSIONS 

0 0.00 

0 0.00 

0 0.00 

0 


MAPPING 
AC CUP AC i f 

0.00 
0.00 
1 . 00 


•EPALL CLASSIFICATION ACCUPAC'C 1 . 0O 


F CALF HA EPPOP)= 0.00 


C 'EPALL MAPPING ACCUPACY 


1.00 


PCBETA EPPOP) = 0.00 


t 
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p I ■- HtiC’Nii 
7 

lEiT TiFE; block 


ChESTEFF lELl 
COOFLiNhTE 


ORIGfNAL PAGE fS 

OF POOR QiJfiiiijy 

0 


CONFUSION TABLE 


MAPPED 

AS 





MAPPING 

CLASS 

1 

R RESIDENTIAL 

R 

A 


0 

TOTALS 

OMISSIONS 

ACCURACIES 

<R) © 

© 


© 

© 

© 

©.©© 

©.©0 

U AGRICULTURE 

<A) © 

© 


© 

© 

© 

©. 0© 

©.©0 

E OTHER 

(0) 0 

© 


2 

2 

© 

0.0© 

l.©0 

TOTALS 

© 

0 


2 

2 

© 



COMISSIONS 

0 

© 


© 

© 





0.00 

©. ©0 

© 

. ©0 






OVERFILL CL«iSSIFICFlTIOH ftCCUFftCV 1 . ©0 

CiV/pCALL MAPPING ftCCUPFlCY 1.0© 


P<f)LPHf=l EPPOP^« ©.00 
P<BETR ERPOP) » ©.©0 


F : : ’t > " it 

uF 1 L » 

TEST TYPE: BLOCK. COOPIUHmTE 


C0HFUSICW4 TftlLE 

MhPFEIi PS 


T 

CLASS 


R 

A 

0 

TOTALS 

OMIS 

SIGNS 

1 

R 

RESIDENTIAL 

<R) 

0 

© 

© 

© 

© 

0. 00 

U 

AGRICULTURE 

<A> 

© 

0 

© 

© 

© 

0. ©0 

E 

OTHER 

(0) 

© 

0 

4 . 

2 

© 

0.00 


MmPPING 
pccuppc ::i : 


©. ©0 
©. ©0 
1 . ©0 


TOTALS 


© © 


© 


conissiONS 


© 0 © 

©.©0 0.00 0.00 


0 


OVERALL CLASSIFICATION ACCURACY 1 . ©0 


P(. ALPHA EPROP)» 0.00 


OVEPALL MAPPING ACCURACY 


1 . 00 


P<EETA ERROR) 


0 . ©0 



tiCHMOND CHEiTEf FIELl' 

Ufc 1 1' 9 

TEST type; Block coopiiInhte 


d&RE is 


CONFUSION TABLE 


MAPPED 

AS 




MAPPING 

CLASS 

T 

R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

1 

K RESIDENTIAL (R> 

0 

0 

0 

0 

0 

0.00 

0.00 

U AGRICULTURE <A) 

0 

0 

0 

0 

0 

0.00 

0.00 

E OTHER <0) 

0 

0 

0 

0 

0 

0.00 

0.00 


TCiTFlLS 


e e 0 


e e 


C OMISSIONS 


0 0 0 


0 


0.00 0.00 0.00 


: EPFiLL CLftSSIFlCfiTION ftCCUPFiCY 0.00 
G.'EPflLL MAPPING AC C UP AC Y O.OO 


PCALPHA EPP0P)« 0.00 
P<BETA ERROR) ■ 0.00 


CHti''£-‘'iELl’ 

GT. 1 li 10 

TEST TYPE: BLOCK COORI'INATE 


t. ONFUSION TABLE 


MAPPED AS 


MAPPING 


CLASS 


F 

A 

0 

TOTALS 

OMISSIONS 

ACCUPAC-: E 

T 

c RESIDENTIAL 

CP) 

0 

0 

0 

0 

0 0.00 

0.00 

AGRICULTURE 

<A) 

0 

0 

0 

0 

0 0.00 

0.00 

E OTHER 

CO) 

0 

0 

0 

0 

0 0.00 

0.00 

’ ITALS 


0 

0 

0 

0 

0 


■. IMISSIONS 


0 

0 

0 

0 





0.00 

0. 00 

0. 00 





u ’ERALL CLASSIFICATION ACCURACY O.OO 


P<ALPHA ERROR)* 0.00 


OVERALL MAPPING ACCURACY 


0.00 


P<BETA ERROR) * 0.00 


f:CHMC't4I' CHEi TEPr IElD 

CEIL 11 

^E'^T TYFE: block COOFBlNFiTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


CONFUSION TABLE 











MARRED 

AS 





MAPPING 

CLASS 

T 

R 

A 


0 

TOTALS 

OMISSIONS 

ACCURACIES 

F RESIDENTIAL 

<R) 0 

0 


0 

0 

0 

0.00 

0.00 

AGRICULTURE 

CA) 0 

0 


0 

0 

0 

0.00 

0.00 

£ OTHER 

<0) 0 

0 


0 

0 

0 

0.00 

0.00 

T :-'^ALS 

0 

0 


0 

0 

0 



CO'IISSIONS 

0 

0 


0 

0 





0. 00 

0.00 

0. 

00 






C '-:Pi=iLL CLI=(SS1F ICt=iTIOH ACCURftCY 0.00 


F(RLPHft ERROR)- 0.00 


■ " = '='LL f-’Acriu-: PCCMPPCV 0.00 


FCBETFi ERROR) « O.OO 


che ► iel I' 

>iii ir 

Tfc^T r. FE: block COORrUNOTE 


CONFUSION TOBLE 


nOFREIi AS 


CLASS 

R 

A 

U 

TOTALS 

7 

F RESIDENTIAL 

(R) 0 

0 

0 

0 

.. AGRICULTURE 

< A • 0 

0 

0 

0 

t OTHER 

<0> 0 

0 

0 

0 

TOTALS 

0 

0 

0 

0 

C MISS I ONS 

0 

0 

0 

0 


0.00 

0. 00 

0.00 



OMISSIONS 

0 0.00 

0 0.00 

0 0.00 

0 


MARRING 
ACCURAC IE ; 

0.00 
0. 00 
0.00 


■: ERALL CLASSIFICATION ACCURACY O.OO 


Rk ALPHA ERROR)* 0.00 


' ERALL MARRING ACCURACY 


0.00 


P(BETA ERROR) « O.OO 


PHASE ONE - DIFFUSE 


340 


It ••• 

1 

TEST tyfe: 


F 1 TrilHMC'NS 
DIFFUSE COOFDlHFiTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


C » ^F USION TftPLE 

MftFFED FiS 



CLASS 


F 

A 

0 

TOTALS 

OMISSIONS 

T 

(- 

FESIDENTIAL 

<F) 

3 

0 

0 

3 

0 

0.00 

i: 

AGFICULTUFE 

<A> 

0 

0 

0 

0 

0 

0.00 

L 

OTHEF 

<0^ 

1 

0 

A. 

3 

1 

.33 

1 

•ALS 


4 

0 

2 

€ 

1 


1’ j 

■ ISSIONS 


1 

0 

0 

1 






.25 

0.00 

0.00 





MAFF INC 

RccuFftc IE : 


.7? 

e. 0<? 

. 6 ? 


•-FALL CLASSIFICATION ACCUFACY .63 


F<ALFHA EPFOF>« .08 


•‘FALL MAPPING ACCUFACY .72 


Ft FETA EFFOF'» « .11 


II t • F I T J . I ; 

j : : 

li. T TYPE: DIFFUSE COOFI'INATE 


'.FUSION tafle 





CLASS 

MAPPED AS 
F A 0 

TOTALS 

OMISSIONS 

MAPPING 
ACCUFAC It 


- FES 1 DENT I ML 
HGFICULTUFE 
E OTHEF 


< F\» 0 O 

< A ^ 0 0 

< 0 ) 2 0 


e 

1 

3 


0 e 0.00 

1 1 1.00 

5 2 .40 


0 . 00 
0.00 
. 50 


- ALS 


•issior^s 


2 0 4 

2 0 1 

1.00 0.00 .25 


e 

3 


3 


-PALL CLASSIFICATION ACCUFACY .50 


Fa'ALPHA EPF0P>« .42 


: EFALL MAPPING ACCUFACY 


33 


PcFETA ERFOF) * .47 


fnz i 


: t 

or 4 I* 

TE$T TVFE; DIFFUSE COOFDiNftTE 


original page is 

Of POOR QUALITY 


CONFUSION THDLE 


MFiFFED HS 


CLFtSS 

1 


R 

A 

0 

totals 

OMISSIONS 

1 

FESIDENTINL 

tR) 

0 

0 

0 

0 

0 

0.00 

AGRICULTURE 

«.A • 

0 

1 

•s 

& 

3 

2 

.67 

E other 

<0' 

1 

1 

1 

3 

2 

. 67 

totals 


1 

2 

3 

S 

4 


COMISSIONS 


1 

1 

2 

4 





1 . 00 

. 50 

. S7 





MftPPiNC 
NCCUPHC I f i 

o.eo 

. 2 ? 

.20 


VFPNLL CLHSSIFICNTIC'M fiCCUPftCV .35 


PviiLFHH EPPOF '■ .72 


.VEFi=iLL MRPFING NCCUFmCY .IS 


F»,SETFl EPF OP ) ■ .44 


1 L f : ’7 - : f., 
-f : 7 ■» 

'EST type: diffuse coopdimhte 


■ O NFUSl on TRDLE 

MhFFED ftS 


Class 


F 

A 

0 

totals 

OMIS 

S IONS 

RESIDENTIAL 

tR> 

c; 

0 

0 

5 

0 

0.00 

ACF I CULTURE 

^ A • 

0 

0 

0 

0 

0 

0.00 

other 

(O' 

0 

0 

1 

1 

0 

0.00 


MmPF INC 
F>CCUFF^C 1 » 

1 . 00 
0.00 
1.00 


■» OThlS 


OMISSIONS 


S 0 1 

0 0 0 

0.00 0.00 0.00 


S 0 

0 


.VEPmLL CLRSSIF ICFtTION mCCUPMCY 1.00 


PtftLPHH EPPOF)» 0.00 


VERtiLL MmPPINC OCCUPMCY 


1 . 00 


FvDETM ERROR) ■ 0.00 



342 


1 . iF r nr ? 

-*:l l 

T£ST type: dipfuse coordinate 


ORIGINAL PAGP ls 
OF POOR QUALITY 


JNfoSlON TAiLE 


riAPFED H? 


1 

CLASS 


F 

A 

0 

! 

FESIDENT lAL 

< F > 

0 

0 

0 

1 

AGFICULTUFE 

(A ' 

0 

0 

0 

c 

othep 

lO) 

0 

* 

4 


totals 

OMISSIONS 

MAPPING 
ACCUFAC If 

0 

0 

0.00 

0.00 

0 

0 

0.00 

0.00 

€ 

A 

. 33 

.67 


TOThLS 


0 2 4 


€ 


C OM ISSION? 


0 2 0 


0.00 1.00 0.00 


■V’EFALL classification ACCUFACV .£7 
IVEFALL MAFFING ACCUFACY .44 


FiALFHA EFFOF .3? 
FtSETA EFFOF) ■ .11 


n ' F • : T; :r''* •< 

tST t>fe: diffuse coofdinate 


. ONFUSION TAitE 



MAPPED 

AS 




MAPPING 

Class 

♦ 


F 

A 

0 

totals 

OMISSIONS 

ACCUFAC H 

1 

t FESIDENTIAL 

vF • 

0 

0 

0 

0 

0 

0.00 

0.00 

AGFICULTUFE 

vA' 

1 

0 

0 

1 

1 

1.00 

0.00 

f othef 

lO) 

0 

0 

*. 

-V 

0 

0.00 

1 . 00 

’ OT ALS 


1 

0 

2 

3 

1 



EMISSIONS 


1 

0 

0 

1 






1 . 00 

0.00 

0.00 






•EFALL classification ACCUFACi .£7 


ALPHA EFFOF >■ .33 


Pi FETA EFFOF) ■ .33 


. -‘EFALL MAPPING AC C UP AC Y 


343 


. t r FITZ: iHnOni 

■•• • I r 

T£ 5T tyfe; diffuse COOFDINFiTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


L . NFUSION Tf=ilLE 

MFiFFED FtS 


CLRSS 


F 

R 

0 

totrls 

OMISSIONS 

PES IDEMTIRL 

<P • 

0 

0 

0 

0 

0 

0.00 

RCPICULTUPE 

CR • 

0 

0 

0 

0 

0 

0.00 

OTHEF 

<0) 

1 

0 

2 

3 

1 

. 33 

TRLS 


1 

0 

2 

3 

1 


MISSI0r4S 


1 

0 

0 

1 





1 . 00 

0.00 

0.00 





MhFF IMG 
FiCCUFFtClE 

e.eo 

e.eo 

.€7 


EFhlL CLFiiSIFICFT IOM RCCUFFiCV .€■? 


F-'FlLPHR EFFOF>» .33 


EFmLL MRFFIMG RCCUFRCV .44 


F<I;ETR EFF:0F > » .11 


: i ■ 

’TST TYPE: DIFFUSE COOPDImhTE 


•4FUSIOM TeitLE 

fIRPPED RS 


ClRSS 


P 

R 

0 

totrls 

OMISSIONS 

PESIDEMTIRL 

<P.) 

0 

0 

0 

0 

0 

0.00 

RGPICULTUPE 

<R/ 

0 

0 

0 

0 

0 

0.00 

OTHEP 

(0> 

0 

0 

*1 

2 

0 

0. 00 


MRPPIMG 
RCCUPRC l! 

0 . 0 i 3 
0.00 
1 . 00 


TRlS 

. . lISSIutFS 


0 0 2 

0 0 0 

0.00 0.00 0.00 


2 

0 


0 


• EPRLL CLRSSIFICRTIOH RCCUPRCV 1.00 


P<RLPHR EPPOP>= 0.00 


. EFRLL MRPPIMG RCCUPRCV 


1 . 00 


Pa:ETR EPPOP) * C.OO 


- 344 - 


ORJGINAL PAGE !S 
OF POOR QUALITY 


I L riTZS iriMOMi 

ct- : I' S' 

TEST TYPE: DIFFUSE COOPDlNftTE 


CONFUSION TftBLE 


MftPPED flS 


T 

CLASS 


P 

A 

0 

TOTALS 

OMI 

SSIONS 

1 

P 

PESIDENTIAL 

<P> 

0 

0 

0 

0 

0 

0.00 

u 

ACPICULTUPE 

<A> 

0 

0 

0 

0 

0 

0.00 

E 

OTHEP 

< 0 > 

0 

0 

1 

1 

0 

0.00 


MAPPING 

accupacie; 

e.ee 

e.ee 

i.ee 


TOTALS 


0 0 


0 


C OMISSIONS 


0.00 0.00 0.00 


OVEPALL CLASSIFICATION ACCUPACY 1.00 


PCALPHA EPPOP)« 0.00 


1.00 


OVEPALL MAPPING ACCUPACY 


PCfETA EPPOP) ■ 0.00 


fllHflOuL seven FINE! 

uFIL 1 

TEST TYPE; riFPUSE COOPI'IMRTE 


original page is 

OF POOR QUALITY 


C OKFUSIOM TfiBLE 

MFIFPED flS 


CLASS 

P 

A 

0 

TOTALS 

OMISSIONS 

T 

F PESIDENTIAL 

<P) 0 

0 

4^ 

2 

2 1.00 

•J AGPICULTURE 

<A> 0 

0 

0 

0 

0 0.00 

E OThEF 

<0) 0 

1 

1 

2 

1 .50 

T ■ TALS 

0 

1 

3 

4 

3 

COMISSIONS 

0 

1 

2 

3 



0. 00 

1.00 

.67 




MAPPING 
ftCCUPftC IE 

0.00 

0.00 

.25 


C EFALL CLASSIFICATION ACCUPACY .25 
i/EPALL MAPFING ACCUPACY .IS 


P< ALPHA EPPOP)» .56 
P<EETA EPF OP ^ « .50 


^ I C E F I l«E : 

CP 1 i* 2 

*iST TYPE: I'lFFUSE COOPI'INATE 


CCNFUSION TAELE 


MAPPED AS 


CLASS 


F 

A 

0 

total 

PESIDENTIAL 

<P • 

0 

0 

1 

1 

AGPICULTUPE 

< A ) 

0 

0 

1 

1 

OTHEP 


0 

0 

0 

0 

•TALS 


0 

0 

2 

2 

•riISSI0f4S 


0 

0 

4 . 

4 



0.00 

0.00 

1 . 00 



OMISSIONS 

1 1.00 

1 1.00 

0 0.00 


MAFF IMG 
ACCUPAC IF 

0.00 

0.00 

0.00 


EPAM CLASSIFICATION ACCUPACY 0.00 


'■< ALPHA EPPOP>« .35 


-• EPALL MAPPING ACCUPACY 


0. 00 


P<DETA EPPOP> * .6 


- 346 - 

original PAGE VJ 
OF POOR QUALITY 

f 1 hMOmL seven F I»4ES 

CF i I i 

TEST ) ?Z: IiIFFUSE COORDINATE 


CONFUSION TADLE 

WAFFED AS 


CLAS S RAO 

T 


R RESIDENTIAL 

^R) 0 

0 

0 

U mGRICULTURE 

<A ) 0 

1 

0 

E other 

(0> 0 

1 

0 

TOTALS 

0 

2 

0 

COMISSIONS 

0 

1 

0 


0.00 

.50 

0.00 


OVERALL CLASSIFICATION ACCURACY .50 
overall marring accuracy .50 


TOTALS 

OMISSIONS 

MAPPING 
ACCURAC I 

0 

0 0.00 

0.00 

1 

0 0.00 

.50 

1 

1 1.00 

0.00 

2 

1 


1 

R^ALRHft ERROR)- 

. 17 


PvDETA ERROR> - 

.33 


“.'’*'1 lt £. • 

..ill -t 

TEST tyre: diffuse COORDINATE 


CONFUSION TAILE 
C LASS 

R' 

MARRED 

A 

AS 

0 

TOTALS 

OMISSIONS 

MARRING 
ACCURAC : L : 

T 

R residential 

C R • 0 

0 

0 

0 

0 0.00 

0.00 

U AGF CULTURE 

A ^ 0 

0 

1 

1 

1 1.00 

0.00 

E other 

cO> 0 

0 

•“» 

4. 

2 

0 0.00 

.67 

totals 

0 

0 

3 

3 

1 


C0MISSI0r<S 

0 

0.00 

0 

0. 00 

i 

. 33 

1 




overall classification accuracy .67 


Ft ALPHA ERROR)- . 1 1 


overall marring accuracy 


67 


R<DETA ERROR) 


33 




iEVEr4 fine=. 

z 

TEST TYPE: DIFFUSE COOFDINflTE 


ORIGINAL PA« « 
OF. POOR QUAUT^ 


CONFUSION TFiELE 


MAPPED AS 


T 

CLASS 


R 

A 

0 

TOTALS 

OMISSIONS 

?• 

RESIDENTIAL 

<R) 

0 

0 

0 

0 

0 

0.00 

1| 

AGRICULTURE 

<A) 

0 

0 

1 

1 

1 

1 . 00 

E 

OTHER 

<0) 

0 

0 

1 

1 

0 

0.00 


MAPPING 

ACCURACIES 


0.00 

0.00 

.50 


TOTALS 


COMISSIONS 


0 0 2 

0 0 1 

0.00 0.00 .50 


2 

1 


1 


overall classification ACCUPhCY .50 


PCALPHA ERROR)* .17 


OV/FRALL HAPPING ACCURACY .50 


PC BETA ERROR) = .33 


SE 'E-, F :rJr *: 

GRID c 

TEST TYPE: DIFFUSE COORDINATE 


COf4FUSION TADLE 


MAPPED AS 


CLASS 


R 

A 

T 

R RESIDENTIAL 

<R) 

0 

0 

U AGRICULTURE 

( A ) 

0 

0 

E OTHER 

0) 

0 

0 

TOTALS 


0 

0 

COMISSIONS 


0 

0 


0 

TOTALS 

OMISSIONS 

MARRING 
AC CUR AC, IS 

1 

1 

1 1.00 

0.00 

1 

1 

1 1.00 

0.00 

1 

1 

0 0.00 

. 33 

3 

3 

2 


A. 





0.00 0.00 .67 


OVERALL CLASSIFICATION ACCURACY .33 


P< ALPHA ERROR)* .22 


OVERALL MAPPING ACCURACY 


33 


PCEETA ERROR) 


67 


c 


ORIGINAL FACE IS 
OF POOR QUALITY 

► SE'-'Em FI*<ES 

f CPU ~ 

TEST TYPE; DIFFUSP COOPDlNliTE 


C ONFUSION TFiBLE 

miPPFIi Pts 


CLFtSS 

P 

R 

0 

TOTRLS 

OMISSIONS 

T 

r PESIDENTIflL 

<P) 0 

0 

0 

0 

0 

0.00 

U FtGPl CULTURE 

<R> 0 

0 

1 

1 

1 

1.00 

E other 

< 0 ) 0 

0 

1 

1 

0 

0.00 

TOTFILS 

0 

0 

2 

2 

1 


C OMISSIONS 

0 

0 

1 

1 




0. 00 

0.00 

.50 





C'VEPALL CLflSSIFICFITlON fiCCUPPiCY .56 P(fiLPHfl EPP 0 P)» 

■jVEPALL riPiFPING FiCCUPFiCY .50 PCEETFt EPROF ) « 


f 1 . 1 1 • E C * • F I ' < E : 

: 1 ? 

TEST TYPE: DIFFUSE COOFDINFlTE 


f ONFUSION ThDLE 

riFiF F ED FiS 


CLRSS 

T 

F 

R 

0 

TOTRLS 

OMISSIONS 

1 

f PESIDEraiRL 

<R > 0 

0 

1 

1 

1 1.00 

U RGPI CULTURE 

<R> 0 

0 

0 

0 

0 0.00 

fc OTHER 

< 0 ) 0 

0 

0 

0 

0 0.00 

TOTRLS 

0 

0 

1 

1 

1 

•: OMISSIONS 

0 

0 

1 

1 



0. 00 

0.00 1 

. 00 



IVERRLL CLRSS I 

FI CRT I ON 

RCCUPRCY 

0. 00 


PCRLPHR ERROR 


jVEPFtLL MFiPPING FiCCUPFtCY 0.00 PCEETFl EPPOP^ 
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MftPPING 

pccuppcie; 

0.00 

0.00 

.50 


. 17 
. 33 


MftPF ING 
FiCCUPFiCI L 

0.00 

0.00 

0.00 


. 33 
. 33 


r 



349 - 


SEVEr< FIMEI 

:^:l 9 

TEST ▼YFE: diffuse COOFDINFiTE 


ORIGINAL PAGE IS 

OF POOR QUALITY 
0 


C CNFUSION TfiDLE 

MftFPED fiS 



CLRSS 


R 

R 

0 

TOTRLS 

OMISSIONS 

F 

RESIDENTIRL 

<R) 

0 

0 

0 

0 

0 

0.00 

•J 

RGRICULTURE 

<R) 

0 

0 

0 

0 

0 

0.00 

Z 

OTHER 

<0> 

0 

2 

1 

3 

2 

.67 


MrlPPINC 
ftCCURfiC IE : 


e.ee 

e.ee 

. 33 


: ' MISSIOMS 


e 2 1 

0 2 0 

0.00 1.00 0.00 


3 

2 


EPFtLL CLhSSIFICFiTION RCCUPFiCV .33 


PCRLPHR EPPOP)* .33 


. vEPRLL tIRPPlHG RCCUPRCY .11 


PdiETR ERROP) • .22 


c . I. H " /■ ' < I S E ' E t i F ] H E ; 

C-.I 1C- 

'lST TYPE: DIFFUSE COOPDINRTE 


■.■infusion TRELE 


MRPPED RS 



CLRSS 


R 

R 

0 

TOTRLS 

OMISSIONS 

7 

F 

RESIDENTIRL 

<R) 

0 

0 

0 

0 

0 

0.00 

!J 

RGRICULTURE 

<R> 

0 

1 

1 

2 

1 

. 50 

t 

OTHER 

<0) 

0 

0 

1 

1 

0 

0. 00 


MRPPING 
RCCUPRC !t r 


0.00 

.50 

.50 


■' : TRLS 


•: •■.■MISSIONS 


0 1 2 

0 0 1 

0.00 0.00 .50 


3 

1 


1 


EPRLL CLRSSIFICRTION RCC'.'PRC"^ .67 


P<RLPHR ERROR >= .17 


■ ERRLL MRPPING RCCUPRCY 


50 


P<EETR ERROR) * . 17 


- 350 - 

ORIGINAL PAGi: Ij 
OF POOR QUALITY 


tKHMCNl. SE''En fines 

•:f II' 11 

TEST TYFE: diffuse COOFDINftTE 


CONFUSION Tf=lBLE 

MftPFED fiS 


CLASS 


P 

A 

0 

TOTALS 

OMISSIONS 

PESIDENTIAL 

CP) 

0 

0 

0 

0 

0 

0.00 

AGPICULTUPE 

CA^ 

0 

0 

0 

0 

0 

0.00 

OTHEP 

(0^ 

0 

0 

3 

3 

0 

0.00 

OTALS 


0 

0 

3 

3 

0 


OMI SSIOr<S 


0 

0 

0 

0 





0. 00 

0.00 

0.00 





MAPPING 

ACCUPRCIE? 


0.00 

0.00 

1.00 


'VEPALL CLASSIFICATION ACCUPACV 1.00 
.VEPALL MAPPING ACCUFACY 1.00 


P< ALPHA EPPOP)* 0.00 
PdiETA EPPOP) « 0.00 


I : t E'- ' I **E I 

.1 i: 

"EST TYPE; DIFFUSE COOPDlr^fiTE 


rONFUSION TABLE 












MAPPED 

AS 




MAPPING 

CLASS 

7 


F 

A 

0 

TOTALS 

OMI 

SSIONS 

ACCUPACIS ; 

1 

PESIDENTIAL 

< P > 

0 

0 

0 

0 

0 

0 . 00 

0. 00 

.1 AGPICULTUPE 

C A > 

0 

0 

0 

0 

0 

0.00 

0.00 

L OTHEP 

CO) 

0 

0 

4^ 

A.' 

0 

0.00 

1 . 00 

TOTALS 


0 

0 

2 

2 

0 



OMISSIOrJS 


0 

0 

0 

0 





0.00 0.00 0.00 


OVEPALL CLASSIFICATION ACCUPACV 1.00 


PC ALPHA EPPOP )= 0.00 


OVEPALL MAPPING ACCUPACV 


1 . 00 


PC BETA EPPOP) * 0.00 


ORIGINAL PAGE IS 
OF POOR QUALITY 


-351 


‘•I-MMCiril CnE-TEtF lE-I' 

. f i L 1 

TEST TYPE: I'lFFUSE COOPIilMFiTE 


CC'MFUSION TPELE 


CLftSS 


MRPPED RS 



R R 0 

TOTRLS 

OMISSIONS 


MAPPING 
HCCUPftf IE • 


c PESIDEMTIftL <P) e 0 

PGP I CULTURE <P) 0 0 

E OTHER <0) 0 1 


0 

0 

1 


0 0 0.00 

0 0 0.00 

2 1 .50 


0.00 

0.00 

.50 


T. TPLS 
•: '■.rllSSIONS 


0 1 1 

0 1 0 

0.00 1.00 0.00 


1 


ERPLL CLHSSIFICPTION RCCURPCV .50 


R H L P H M E R R 0 F’ '• * .33 


. ERRLL KRPPIMG fiCCURRCV 


P<.BETR ERROR) * .i 


‘■i. ChE;T£F^IE..I 

V»r A A.* ^ 

TEST TYPE; IiIFFUSE COORDIHmTE 


■■■ HFUSIOM TRFLE 


MRPPEIi RS 


C L R S S 

R 

R 

0 

TOTRLS 

OMISSIONS 

t- RES I DENT IRL 

<F> 0 

0 

0 

0 

0 

0.00 

1. RGRI CULTURE 

<R) 0 

0 

0 

0 

0 

0. 00 

t OTHER 

< 0 ) 0 

0 

2 

2 

0 

0. 00 

T jTRLS 

0 

0 

2 

2 

0 


'.MISSIONS 

0 

0 

0 

0 




0. 00 

0.00 

0. 00 





MRPRING 

RCCURRC'l 


0. 00 
0.00 
1 . 00 


ERRLL CLRSSIFICRTIOM RCCURRC V 1 . 00 


F R L F' H R E R R 0 R > = 0.00 


ERRLL MRPPING RCCURRCV 


i.00 


F<I;ETR ERROR) *= O.OO 


!»^I 


f 


ORtGiNAL PAGE IS 
OF POOR QUALITY 


fl 'HMOrU' CMEfTEFP IElI' 

f CF 1 D 3 

TEST TYPE: DIFFUSE COOPDlNFlTE 



CONFUSION TRBLE 






l 



MRPPED RS 



HRPPINC 


CLfiSS 

R 

R 

0 

totrls 

OMISSIONS fiCCUPRCIE 


T 

R RESIDENTIRL <R> 

0 

0 

0 

0 

0 0.00 0.00 


U RGPICULTURE <R) 

0 

0 

0 

0 

0 0.00 0.00 

r 

E OTHER <0) 

0 

0 

1 

1 

0 0.00 1.00 


totrls 

0 

0 

1 

1 

0 


COmSSIONS 

0 

0 

0 

0 


r 


0. 00 

0.00 0. 

00 




OVEFRLl clrssificrtion 

RCCUPRCY 

1 . 00 


F«>RLPHR ERROR)* 0.00 

i 

OVEFRLL MRPPING RCCUPRCY 

1 . 00 


Pa:ETR ERROR) « 0.0O 

1 1 . 

1 : 4 

'1 ;• 

: E c ' . £ . i 






TEST TYPE: DIFFUSE 

COORD INRTE 





COr^FUSION TRFLE 


MRFPED 

RS 




MRPPING 

CLRSS 

P 

R 

0 

TOTRlS 

OMISSIONS 

RCCUPRC 1 L 

T 

» PESIDENTIRL 

< P • 0 

0 

0 

0 

0 

0. 00 

0.00 

U RGPICULTURE 

<’R) 0 

0 

0 

0 

0 

0.00 

0.00 

E OTHER 

<0) 0 

4. 

1 

3 

2 

.67 

. 33 

TOTRLS 

0 

A. 

1 

3 




COMISSIONS 

0 


0 

4 I 





0.00 

1.00 

0. 00 






OVEFHLL CLftSSIFICHTION i^CCUPfiCV .33 
OVEFRLL MRFFING RCCUFRCt' .11 


P(flLPHR EPPOP>* .33 
P<BETR ERPOP) « .22 


r 
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► CHEfTEKPIE^L 

•:t I !• 5 

TEST type: diffuse coopdinrte 


ORIGINAL PAGE IS 
OF POOR QUALITY 


'. Ot^FUSlON TftBLE 


MRPPED fiS 


CLRSS 


P 

R 

0 

TOTRLS 

OMISSIONS 

PESIDENTIRL 

<P> 

0 

0 

0 

0 

0 0.00 

RGF ICULTUPE 

<R) 

0 

0 

0 

0 

0 0.00 

OTHEP 

(0) 

0 

0 

A. 

2 

0 0.00 


MFlPFINC 
RCcuPFiciF ; 


e. ee 
e.oe 
1 . 00 


T UTRLS 


C OrtlS SIOHS 


0 0 2 

0 0 0 

0.00 0.00 0.00 


2 

0 


0 


. 'EPf_L CLFtSSlFICRTIOH RCCUPRCV 1.00 


P<RLPHR EPPOPj)* 0.00 


C ''EPRLL MRPPIMG RCCUPRCY 1.00 


F<EETR EPPOP) » 0.00 


• 1 I C ►- E : ^ ” I £ i. !■ 

- * 1 1 . •£ 

’EST TYPE: DIFFUSE COOPDINRTE 


•- OMFUSIOM TRELE 


MRPPED RS 


T 

CLRSS 


P 

R 


PESIDENTIRL 

«.P> 

0 

0 

• 

RGP ICULTUPE 

( R) 

0 

0 

t 

OTHEP 

<:o> 

0 

0 


0 

TOTRLS 

OMI 

SSIONS 

MRP PING 
RCCUPRClE 

0 

0 

0 

0. 00 

0.00 

0 

0 

0 

0. 00 

0. 00 


€m 

0 

0.00 

1 . 00 


TOTRLS 


0 0 2 


0 


■'OMISSIONS 


0 0 0 

0.00 0. 00 0. 00 


0 


'• ■'EPRLL CLRSSIFICRTION RCCUPRCY 1.00 


P<RLPHR EPPOP >* 0.00 


liVEPRLL MRPPIHG RCCUP‘‘ .Y 


1 . 00 


PCEETR EPPOP > 


0. 00 



f 
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ORIGINAL P;\GL* 13 
OF POOR QUALITY 

9 CHE£TE«-f lEcI' ' 

r 

itriT TYPE: DIFFUSE COORDINATE 


r *• 

NFUSION TABLE 












MARRED 

AS 





MAPPING 

T 

s, 

CLASS 

P 

A 


0 

totals 

OMISSIONS 

ACCUPAC IE = 

PESIDEtlTIAL 

<P^ 0 

0 


0 

0 

0 

0.00 

0.00 


AGRICULTURE 

<A) 0 

0 


0 

0 

0 

0.00 

0.00 

i 

OTHER 

iO) 0 

1 


1 

2 

1 

.50 

.50 

» . 

^ALS 

0 

1 


1 

2 

1 



c 

MISSIONS 

0 

1 


0 

1 






0.00 

1 . 00 

0. 

00 






F( ALPHA EPP0F)« .33 
P<DETA EPPOP) « .17 


^ - I : •? 

UiT TYPE: DIFFUSE COORDINATE 


•PALL CLASSIFICATION ACCURACY .50 
EPALL HAPPlr^C ACCURACY .25 


2 :- f4Fl.lSICiN TADLE 

flAFPED AS 

CLASS P A 0 


RESIDENTIAL 

<F > 

0 

0 

0 

AGRICULTURE 

<A> 

0 

0 

0 

OTHER 

<0> 

0 

1 

1 




MAPPING 

TOTALS 

OMISSIONS 

ACCURAC 

0 

0 0.00 

0. 00 

0 

0 0.00 

0. 00 

2 

1 .50 

.50 


1 ^ftCS 
. fllSSIONS 


1 

0 


0.00 1.00 0.00 


•■-.■EPALL CLASSIFICATION ACCURACY .50 


P<ALFHA EPR0P>= .33 


. ERALL MARRING ACCURACY 


R'EETA ERROR'^ » .17 


c 


ORIGINAL PAGE II 
OF POOR QUALITY 


355 - 


Cr*EET£PFi£:^r. 

1 !• * 

TEST TYPE: IiIFFUSE COOPDINfiTE 


CONFUSION TftELE 



MAPPED 

AS 



MAPPING 

CLFiSS 


P 

R 

0 

TOTALS 

OMISSIONS 

ACCUPACIE! 

1 

P PESIDENTIRL 

(P) 

0 

0 

0 

0 

0 0.00 

0.00 

U RGPICULTUPE 

<R ■ 

0 

0 

0 

0 

0 0.00 

0.00 

E OTHEP 

<0-> 

0 

0 

0 

0 

0 0.00 

0.00 


TOTFiLS 


0 0 0 


0 0 


COHISS I OHS 


0 0 0 


0 


0.00 0.00 0.00 


OVEPHLL CLhSSIFICFiTIOH ACCUFFiCV 0.00 


FCftLPHR EFPOF-'» O.OO 


OVEFhlL MmFFInG mCCUFRCV 0.00 


PCEETR EPF'OP) « 0.00 


-I'. 

o p 1 1> 10 

TEST TYPE: DIFFUSE COOP'D I NRTE 


lOMFUSIOh TRDlE 

MmFFED hS 


CLRSS P Fl 0 

r 


p 

PESIDENTIAL 

<F > 

0 

0 

0 

J 

RGPICULTUPE 

< A ) 

0 

0 

0 

£ 

OTHEP 

(0) 

0 

0 

0 


totals 

OMl 

SSIONS 

MAPF ING 
ACCUPACIt 

0 

0 

0. 00 

0. 00 

0 

0 

0.00 

0.00 

0 

0 

0.00 

0.00 


TOTFiLS 
C OMISSIONS 


0 0 0 

0 0 0 

0.00 0.00 0.00 


0 0 
0 


DVEPFlLL CLASSIFICiiTION FiCCUPFiCY 0.00 


PCFlLPHFl EPPOP)* 0.00 


UVEPFtLL MFiPPING FlCCUPACV 


0.00 


PCEiETFt EPPOP> 


0.00 



ORIGINAL PAGE IS 
OF POOR QUALITY 


356 - 


^ ChE : "ft f F IElI 

:• 11 

Tc&T TUE; W'fU^E COOKLllmTE 


CONFUSION TRILE 


CLOSS 



MFiPPEI' 

mS 



MOPPING 


p 

0 

0 

T0TF(LS 

OMISSIONS 

ftCCUPFir IE; 

T 

F PESII'ENTIOL 

vP) 

0 

0 

0 

0 

0 0.00 

0.00 

OGPICULTUFE 

CO' 

0 

0 

0 

0 

0 0.00 

0.00 

L OTHEP 

CO • 

0 

0 

0 

0 

0 0.00 

0.00 

’ DThLS 


0 

0 

0 

0 

0 


■: OMISSIONS 


0 

0 

0 

0 




O . E «0 0.00 0.00 


•v'EFHlL CLOSSIFICOTION NCCUFOCC C.OO 
•IVEFOLL MmPFING NCCUFOCV 0.00 


F'<iiLFHft EFFOF»» C.OO 
FvEETh EF'FOF) ■ 0.00 


*1 ►'tt.’-l 

ut* 1 I' 1 a 

TEi.T TYPE: OlFFUSE COOPDINOTE 


•. ONFUilON TFti LE 


tlliPPEI' M« 


MOPPING 


CLmSS 

T 

P 

FI 

0 

totrls 

1 

r 

ol 

SSIONS 

FiC C UPFiC 1 r 

F PESIDENTIFtL 

• p > 0 

0 

0 

0 

0 

0.00 

0.00 

J OGP I CULT life 

« FI) 0 

0 

0 

0 

0 

0.00 

0.00 

L OTHEP 

CO' 0 

0 

0 

0 

0 

0.00 

0.00 

TOTFiLS 

0 

0 

0 

0 

0 



: OMISSIONS 

0 

0 

0 

0 





0.00 

0. 00 

0. 00 






• VEPOLL CLOSSIF ICmT lOtl OCCUPOC V 0.00 PCfiLPHO EPPOP>« 0.00 


ItVEFOLL MmPFING OCCUFmCi 


0. 00 


FvFETO EPPOP> » 0.00 


PHASE TWO - BLOCKED 


Cli^ID 1 

TEST tvee: block coopdfnwte 


CONFUSION TRILE 


MfiPPEP HS 


CLASS 


R 

A 

0 

T 

R RESIDENTIAL 

<R> 

e 

0 

0 

U AGRICULTURE 

<A> 

e 

0 

0 

E OTHER 

<0> 

0 

1 

4 

TOTALS 


0 

I 

4 

COMMISSIONS 


0 

1 

0 



0.00 

1.00 

0.00 

OVERALL CLASSI 

FICATION 

ACCURACY 

. 66 


OVEPftLL MNPPINC RCCURfiCY .64 


ORIGINAL PAGF 13 


OF POOR QUALITY 

• 




MAPPING 

TOTALS 

OMISSIONS 

ACCURACIES 

0 

0 0.00 

0.00 

0 

0 0.06 

0.00 

5 

1 ' .20 

.60 

5 

• 

1 


1 

P(ALPHA ERROR) 

• .33 


R<BETA ERROR) 



RHRSE II, DENVER HICHLRND RRNCH 
GRID 2 

TEST TYPE: BLOCK COORDINRTE 


CONFUSION TABLE 


CLASS 

T 


R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

1 

R RESIDENTIAL 

<R) 

1 

0 

2 

3 

2 .67 

.33 

U AGRICULTURE 

<A) 

0 

0 

0 

0 

0 0.06 

0.00 

E OTHER 

<0) 

0 

1 

3 

4 

1 .25 

.50 

totals 


1 

1 

5 

7 

3 


COMMISSIONS 


0 

1 

2 

3 





0.06 

1.00 

. 40 




OVERALL CLASSIF 

ICATION hC 

CURACY 

.57 


P<ALPHA ERROR) 

« .47 

OVERALL MAPPING 

ACCURACY 


.46 


P<BETA ERROR' 

» .31 


- 359 - 


♦ • . I . I'L'- 


sCh 




GRID 3 






TEST TYPE: BLOCK COORDlNRTE 








original 

PAGE W 





OF POOR QUALITY 


CONFUSION TRBLE 




0 



MAPPED 

AS 









MAPPING 

CLRSS 

R A 

0 

totals 

OMISSIONS 

ACCURACIES 

T 






R RESIDENTIAL <R) 

0 0 

0 

0 

0 0.00 

e.oA 

U AGRICULTURE (R> 

0 0 

0 

0 

0 0.00 

e.eo 

E other (0> 

e 1 

6 

7 

1 . .14 

.66 

TOTALS 

0 1 

€ 

7 

1 


COMMISSIONS 

0 1 

0 

1 




0.00 1.00 

0.00 




OVEPRLL C. ‘OSIFICRTION RCCURRCY .66 


P<ALPHR ERROR) 

■ .33 

OVERALL MAPPING RCCURRCY 

.73 


P<BETR ERROR) 

- .05 



t rti.w^ l»c.K.Lr. hium.n(il> f hItCH 

CPU' 4 

TEST TYPE: BLOCK COOPI'INATE 


CONFUSION TftBuE 

MFlPPEIi FiS 


CL?<SS 


R 

A 

0 

T 

P RESIDENTIAL 

<R) 

0 

0 

0 

U AGRICULTURE 

(A) 

0 

0 

6 

E OTHER 

<0) 

0 

0 

2 

TOTALS 


0 

0 

6 

COMMISSIONS 


0 

0 

6 



0.00 

0.00 

. 75 

OVEPRLL CLASSIFICATION 

ACCURACY 

.25 


.25 


MFlPPINC 

TOTRLS OMISSIONS RCCUPflCIES 

0 0 0.00 0.00 

6 6 1.00 0.00 

2 e 0.00 .25 

e 6 

6 

PCRLFHR ERROR)* .25 
PtPFTP PPPfiC*> » . ?? 


OVEPRLL MRPPINC RCCURRCY 



r 


360- 


r 


r 


< 


F ►• ’ t I ' , I L ’ 1 . L F 

» 9 • 

^ I U 


♦ ♦ ♦ ♦ ♦ ^ 

i ^ 












TEST TYPE: BLOCK COORDINATE 



ORiGINAL PAGE ?S 








OF POOR QUALI1 Y 


CONFUSION TABLE 



MAPPED A 

S 


• 

MAPPING 

CLASS 


R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 

P RESIDENTIAL 

(R> 

e 

e 

0 

0 

0 0.00 

0.00 

U AGRICULTURE 

<A> 

e 

e 

5 

5 

5 1.00 

0.00 

E OTHER 

(0> 

e 

e 

1 

1 

0 0.00 

. 17 

TOTALS 


e 

e 

6 

6 

5 


COMMISSIONS 


e 

e 

5 

5 





e.ee 

0.00 

. es 




OVERALL CLASSIFICATION 

ACCURACY 

. 17 


PCALPHA ERROR> 

GO 

• 

■ 

OVERALL MAPPING 

ACCURACY 

. 17 


P(BMTA ERROR) 

« .33 


F'h.rM. • —f 

GRID 6 

Hi 

f.H.i.;*. 




TEST TYPE: BLOCK COORDINATE 





CONFUSION TABLE 







MAPPED AS 









Mr PING 

CLASS 

R A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 

R RESIDENTIAL <R) 

0 

0 0 

0 

0 0.00 

0.00 

U AGRICULTURE <A) 

0 

2 4 

6 

4 .67 

.33 

E OTHER (0> 

1 

0 0 

1 

1 1.00 

0.00 

TOTALS 

1 

2 4 

7 

5 


COMMISSIONS 

1 

0 4 

5 




1.00 0. 

00 1.00 



'' 

OVERALL CLASSIFICATION ACCURACY .29 


PCALPHA ERROR) 

» .67 

OVERALL MAPPING ACCURACY 

. 10 


P/'pC-Tp ppprtp'' 

* . Tf 


I 


PHASE II, DENVER HIGHLAND RANCH 
GRID 7 

TEST TYPE; BLOCK COORDINATE 


ORIGINAL PAGE IS 
OF POOR QUALITY 

CONFUSION TABLE 


HAPPED AS 


T 

CLASS 


R 

A 

0 

TOTALS 

1 

R 

RESIDENTIAL 

<R> 

0 

0 

0 

0 

U 

AGRICULTURE 

(A) 

0 

0 

0 

0 

E 

OTHER 

<0) 

5 

0 

3 

6 


OMISSIONS 

0 0.00 

0 0.00 

5 .63 


MAPPING 

ACCURACIES 

0.00 
0 . 00 
. 38 


TOTALS 


5 0 3 


8 5 


COMMISSIONS 


5 0 0 


5 


1.00 0.00 0.00 


OVERALL CLASSIFICATION ACCURACY .38 
OVERALL MAPPING ACCURACY .14 


Pt ALPHA ERROR>« .33 
P<EETA ERROR) » .21 


PHASE II, DENVER HIGHLAND RANCH 
GRID 8 

TEST TYPE: BLOCK COORDINATE 


CONFUSION TABLE 

MAPPED AS 


CLASS 


R 

A 

0 

TOTALS 

T 

R RESIDENTIAL 

<P> 

0 

0 

0 

0 

U .s>-ICULTURE 

(A) 

0 

0 

0 

0 

E C1.1ER 

<0) 

1 

0 

6 

7 

TOTALS 


1 

0 

6 

7 

COMMISSIONS 


1 

0 

0 

1 



1 . 00 

0.00 

0.00 



OVERALL CLASSIFICATION ACCURACY .86 
OVERALL MAPPING ACCURACY .73 


MAPPING 

OMISSIONS ACCURACIES 


0 0.00 0.00 

0 0.00 0.00 

1 .14 .86 

1 


PCALPHA ERROR)* .33 
PCBETA ERROR) « .05 




363 




PHf^SE II, DENVER SRBLE 
GRID 1 

TEST TYPE: BLOCK COORDINATE ORIGINAL PAGE IS 

OF. POOR QUALITY *• 

CONFUSION TRILE 


MAPPING 
ACCURAC IES 

e.ee 
e.ee 

.57 

TOTALS 304 7 3 

COMMISSIONS 300 3 

1.00 0.00 0.00 


MAPPED AS 


T 

CLASS 


R 

A 

0 

TOTALS 

OMISSIONS 

R 

RESIDENTIAL 

<R) 

0 

0 . 

0 

0 

0 ' 

0.00 

U 

AGRICULTURE 

<A) 

0 

0 

0 

0 

0 

0.00 

E 

OTHER 

< 0 ) 

3 

0 

4 

7 

3 

.43 


OVERALL CLASSIFICATION ACCURACY .57 PCALPHA ERROR)- .33 

OVERALL MAPPING ACCURACY .33 P<BETA ERROR) - .14 


I 


Jurist li, i»£Nv£k bii0i.b 

GRID 2 

TEST TYPE: BLOCK COORDINRTE ORfGfWAL PAQF fC 

OP POOR QUALITY 

CONFUSION TPBLE 





MAPPED 




MAPPING 

CLRSS 

T 


R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

R residential 

(P) 

0 

0 

0 

0 

0 0.00 

0.00 

U AGRICULTURE 

<A) 

0 

0 

0 

0 

0 0.00 

0.00 

E OTHER 

<0) 

3 

0 

5 

e 

3 .38 

.63 

TOTALS 


3 

0 

5 

8 

3 


COMMISSIONS 


3 

0 

0 

3 




1.00 0.00 0.00 


OVEPRLL CLPiSSIFICfiTlON fiCCUPflCY .63 
OVERFILL MRPPING fiCCUPRCV .39 


PCRLPHfl ERRORS- .33 
P» PETR EP^OP ^ » . 1 ? 


PHRSE II, DENVER SRBLE 
GRID 3 

TEST type: block COORDINRTE 


CONFUSION TRELE 

MRPPEDRS 


CLRSS 


R 

A 

0 

totals 

T 

R RESIDENTIAL 

<R) 

0 

0 

0 

0 

U AGRICULTURE 

(A) 

0 

0 

I 

I 

E OTHER 

< 0 ) 

I 

0 

4 

5 

TOTALS 


1 

0 

5 

6 

COMMISSIONS 


1 

0 

I 

2 



I . 00 

0.00 

.20 



OVERRLL CLRSSIFICRTION RCCURflCY .67 
OVERRLL MRPPING RCCURRCY .56 


OMISSIONS 

0 0.00 

I 1.00 

1 .20 

2 


MRPPING 

RCCURRCIES 

0.00 

0.00 

.67 


PCflLPHfi ERROR)* .40 
P<BETfi ERROR) * .40 


I 


1 * 5 - 


PHf^SE II, DENVER SHbLE 
GRID 4 

TEST TYPE: BLOCK COORDINRTE 

OF POOR QUALITY 

t0 

CONFUSION TRBLE 


MRPPED fiS 


CLASS 

T 


R 

A 

0 

TOTALS 

R RESIDENTIAL 

<R) 

0 

0 

0 

0 

U AGRICULTURE 

<A) 

0 

0 

0 

0 

E OTHER 

<0> 

0 

0 

7 

7 

TOTALS 


0 

0 

7 

7 

COMMISSIONS 


0 

0 

0 

0 


0.00 0.00 0.00 


OVERALL CLASSIFICATION ACCURACY 1.00 
OVERALL MAPPING ACCURACY 1.00 




MAPPING 

OMISSIONS 

ACCURACIES 

0 

0.00 

0.00 

0 

0.00 

0.00 

0 ' 

0.00 

1.00 


*. I 
i 


P( ALPHA ERROR >■ 0.00 


P<BETA ERROR) ■ 0.00 


I.., DENVER SABLE 

GRiJ' 

TEST VYPE: BLOCK COORDINATE 


CONFUSION TABLE 


MAPPED AS 


T 

R 

U 

E 


CLASS 

RESIDENTIAL <R> 
AGRICULTURE <A) 
OTHER <0> 


TOTALS 


COMMISSIONS 


0 

0 

0 

0 

0 


0 

0 

0 

0 

0 


0.00 0.00 


0 

7 

1 

e 

7 

. ee 


TOTALS 

0 

7 

1 

e 

7 


OMISSIONS 


0 

7 

0 


0.00 

1.00 

0.00 


MAPPING 

ACCURACIES 

0.00 
0.00 
. 13 


OVERALL CLASSIFICATION ACCURACY .13 
OVFRALL MAPPING ACCURACY .13 


PCALPHA ERROR)- .29 
P<BETA ERROR) « .33 


. ♦ ♦ ♦ ♦ 4^ • 






i 


366 - 




PHRSE 11, DENVER 

♦ • 4 

SABLE 

♦ ♦ ♦ ♦ • 





GRID 6 








TEST TYPE: BLOCK 

COORDINATE 



ORIGINAL PAGE IS 







OF 

POOR QUALITY 


CONFUSION TABLE 






• 




MAPPED AS 












MAPPING 

CLASS 


R A 


0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 








R RESIDENTIAL <R> 

e 

1 

3 

4 

4 1.00 

0.00 

U AGRICULTURE <R> 

0 

0 

0 

0 

0 0.00 

0.00 

E OTHER iO> 

e 

2 

2 

4 

2 .50 

.29 

TOTALS 


0 

3 

5 

6 

6 


COMMISSIONS 


0 

3 

3 

6 





0.00 1. 

00 

.60 




OVERALL CLASSIFICATION ACCURACY 

.25 


P<ALPHA ERROR) 

■ .53 

OVERALL MAPPING 

ACCURACY 


.16 


P<BETA ERROR) 

» .50 


PHRSE II, DENVER SRBLE 
GRID 7 

TEST type; block COORDINRTE 


CONFUSION TRBlE 


hrpfed rs 


MRPPINC 


CLASS 

T 


R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

1 

R RESIDENTIAL 

<R) 

0 

0 

0 

0 

0 0.00 

0.00 

U AGRICULTURE 

<A) 

0 

2 

0 

2 

0 0.00 

1.00 

E OTHER 

(0) 

1 

0 

3 

4 

1 .25 

.75 

totals 


1 

2 

3 

6 

1 


COMMISSIONS 


1 

0 

0 

1 





1.00 

0.00 

0.00 




OVERALL CLASSIFICATION ACCURACY 

. 83 


FCALPHA ERROR) 

■ .33 

OVERALL MAPPING 

ACCURACY 


.71 


PESETA EPPOR> 

* .06 




* * 


367 


PHASE II, DENVER SRBLE 
GRIDS 

TEST TYPE: BLOCK COORDINATE ORIGINAL PAGE 18 

OF POOR QUALITY 


CONTUSION TABLE 

HAPPED AS 

CLASS RAO TOTALS OMISSIONS 

T 

R RESIDENTIAL <R) 003 3 3 1.00 

U AGRICULTURE (A> 000 0 0 0.00 

E OTHER (0> 003 3 0 0.00 

TOTALS 006 6 3 

COMMISSIONS 003 3 

0.00 0.00 .50 


OVERALL CLASSIFICATION ACCURACY .50 R<ALPHA ERROR)- .17 

OVERALL MAPPING ACCURACY .50 P<BETA EPROR^ “ .33 



I 



368 > 


f! 


HMMit 11, LENVEfc 

EAST lake 

* ♦ ♦ ♦ • 

♦ ^ < 



GRID 1 

TEST TYPE; BLOCK COORDINRTE 



ORIGINAL PAGE IS 
OF POOR QUALITY 


CONFUSION TABLE 

MAPPED AS 



0 

MAPPING 

CLASS 

R A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 

P RESIDENTIAL <R> 

e 1 

5 

6 

6 1.00 

0.00 

U AGRICULTURE (A> 

0 e 

0 

0 

0. e.ee 

0.00 

E OTHER (0> 

e e 

1 

1 

0 0.00 

.17 

TOTALS 

0 1 

6 

7 

6 


COMMISSIONS 

0 1 

5 

6 




0.00 1.00 

.83 




OVERALL CLASSIFICATION ACCURACY 

. 14 


P<ALPHA ERROR) 

■ .61 

OVERALL MAPPING ACCURACY 

. 14 


P<EETA ERROR) 

■ .33 


I 


1 

* 

k 


PHASE II, DENVER 
GRID 2 

EAST 

LAKE 




■ 

TEST TYPE; BLOCK COORDINATE 





CONFUSION TABLE 


MAPPED AS 




MAPPING 

CLASS 

R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 

R RESIDENTIAL <R) 

2 

0 

3 

5 

3 .60 

.40 

U AGRICULTURE <A) 

0 

0 

0 

0 

0 0.00 

0.00 

E OTHER <0) 

0 

0 

2 

2 

0 0.00 

.40 

TOTALS 

2 

0 

5 

7 

3 

. 

COMMISSIONS 

0 

0 

3 

3 




0.00 

0.00 

.60 




OVERALL CLASSIFICATION 

ACCURACY 

. 57 


PCALPHA ERROR) 

« .20 

OVERALL MAPPING ACCURACY 

. 4e 


^'FETA ERROR • 

* . 20 


369 


PHRSE II, DENVER ERST LRKE 
GRID 3 

TEST TYPE: BLOCK COORDINRTE 


CONPUSICr^ TRBLE 


MAPPED 

RS 




MRPPING 

CLRSS 

R 

R 

0 

TOTRLS 

OMISSIONS 

ACCURACIES 

T 

R RESIDENTIRL <R) 

0 

0 

4 

4 

4 

1.00 

0.00 

U RGRICULTURE <R) 

0 

0 

0 

0 

0 

0.00 

0.00 

E OTHER (0) 

0 

1 

0 

1 

1 

1.00 

0.00 

TOTRLS 

0 

1 

4 

5 

5 




CONNISSIOHS 


e 


4 5 


0.00 1.00 1.00 


OVERRLL CLRSSIFICRTION RCCURRCY 0.00 


PCRLPHR ERROR)- .67 


OVERRLL MRPPINC RCCURRCY 0.00 


PCBETR ERROR) - .67 


PHRSE II, DENVER ERST LRKE 
GRID 4 

TEST TYPE: BLOCK COORDINRTE 


CONFUSION TRBLE 

MRF'PED RS I 

MRPPING I 


CLASS 


R 

R 

0 

TOTRLS 

OMISSIONS 

RCCUF ^CIES 

T 

R RESIDENTIRL 

(R) 

0 

6 

0 

0 

0 

0.00 

0.00 

U AGRICULTURE 


0 

6 

0 

0 

0 

e.00 

0.00 

E OTHER 

(0) 

1 

0 

0 

1 

1 

1.00 

0.00 

TOTRLS 


1 

0 

0 

1 

1 


• 

COMMISSIONS 


1 

0 

0 

1 






1.00 

0.00 

0. 00 






OVERALL 

CLRSSIFICRTION ACCURACY 

0.00 

PCRLPHR ERROR)- 

.33 

pwFCOLL 

prriiporv 

0. 00 

P<'FFTA errors * 

. ?? 




r 

PHR&E 11. DENVEk 
CklO S 

EASl lake 



POOR 


TEST TYPE: BLOCK COOPDINRTE 




1 ■ 

1' 

1 

1 

t 

CONFUSION TABLE 

MAPPED 

AS 


MAPPING 




1 

CLASS 

R A 

0 

TOTALS 

OMISSIONS ACCURACIES 


T 

P RESIDENTIAL (P> 

e 6 

1 

1 

1 1.00 

0.00 


U AGRICULTURE <A> 

e 0 

0 

0 

0‘ 0.00 

0.00 

• 

E OTHER <0> 

1 I 

1 

3 

2 .67 

.25 

r . 

totals 

1 1 

2 

4 

3 



COMMISSIONS 

1 1 

1 

3 



• 


1.00 1.00 

.50 




f 

OVERALL CLASSIFICATION ACCURACY .25 


PCALPHA ERROR)* 

.63 


OVERALL MAPPING ACCURACY 

. 13 


P<BETA ERROR) ■ 

.56 

f 







f 

PHASE II, DENVER 
GRID 6 

EAST LAKE 






TEST TYPE: BLOCK COORDINATE 






CONFUSION *:> TLE 

MAPPED 

AS 



MAPPING 


CLASS 

R A 

0 

TOTALS 

OMISSIONS ACCURACIES 


T 

R RESIDENTIAL <R> 

0 0 

0 

0 

0 0.00 

0.00 


U AGRICULTURE <A> 

0 0 

0 

0 

0 0.00 

0.00 


E CTHER <0) 

0 1 

5 

6 

1 . 17 

.63 


TOTALS 

0 1 

5 

6 

1 

• 


COMMISSIONS 

0 1 

0 

1 



• 


0.00 1.00 

0.00 





OVERALL CLASSIFICATION ACCURACY .63 


PCALPHA ERROR)* 

. 33 


OVERALL MAPPING ACCURACY 

.69 


p/'PfTp rppf.p% e 

.Of 









J71- 


FMRSE II, DENVER LITTLETON 
GRID 1 

TEST TYPE: BLOCK COORDINRTE 


CONFUSION TWBLE 

HRPPED R$ 

CLRSS R R 0 

T 

R RESIDENTIRL (R> 000 

U RCRICULTURE (R> 0 0 0 

E OTHER (0> 0 0 1 


TOTRLS 


0 

0 

1 

1 

0 


COHHISSIONS 

0 

0 

0 

0 





0.00 

0.00 0. 

00 




OVERALL 

CLASSIFICATION ACCURACY 

1.00 


PCRLPHA ERROR)- 

0.00 

OVERALL 

HAPPING 

ACCURACY 


1.00 


P<BETA ERROR) - 

0.00 


PHRSE II, DENVER LITTLETON 
GRID 2 

TEST TYPE; BLOCK COORDINRTE 


CONFUSION TRBLE j 

HRPPED RS 

CLRSS PRO TOTRLS OHISSIONS 

T 

R RESIDENTIRL (R> 003 3 3 1.00 

U RCRICULTURE CR> 0 0 0 0 0 0.00 

E OTHER (0> 002 2 0 0.00 

TOTRLS 005 5 3 

COHHISSIONS 003 3 

0.00 0.00 .60 


OVERALL CLflSSIFICRTION RCCURRCY .40 P<RLPHR ERROR)- .20 

. 40 



TOTRLS 

OHISSIONS 

HRPPING 

RCCURRCIES 

0 

0 

0.00 

0.BA 

0 

0 . 

0.00 

0.00 

1 

0 

to. 00 

1.00 


original PAOi !• 
OF POOR 


rc.rci‘^- ACCLltr*:*' 


F 'FE'^A rpp?r 


c 


372 




PHASE II, DENVER 

LITTLETON 





GRID 3 








TEST TYPE: BLOCK COORDINATE 


OR\Gmi J 







OF POOR QUALIFK 


CONFUSION TABLE 



MAPPED AS 




MAPPING 

CLASS 

T 


R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

R RESIDENTIAL 

(R> 

e 

0 

0 

0 

0 0.00 

e.eo 

U AGRICULTURE 

<A> 

e 

0 

0 

0 

0 0.00 

0.00 

E OTHER 

<0> 

e 

0 

1 

1 

0 0.00 

1.00 

TOTALS 


e 

0 

1 

1 

0 


COMMISSIONS 


0 

0 

0 

0 





0.00 

0.00 0 

.00 




overall classification 

ACCURACY 

1.00 


PtALPHA ERROR) 

« 0.00 

OVERALL MAPPING 

ACCURACY 

1.00 


P<BETA ERROR) 

» 0.00 


PHFiSE II, DENVEP LITTLETON 
GRID € 

TEST TYPE: BLOCK COORDINATE 



CONFUSION TABLE 










MAPPED AS 












MAPPING 


CLASS 

R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 


T 

R RESIDENTIAL <R) 

0 

0 

0 

0 

0 0.00 

0.00 


U AGRICULTURE (A) 

0 

0 

0 

0 

0 0.00 

0.00 

«• 

E OTHER (0) 

0 

0 

2 

2 

0 0.00 

1.00 


TOTALS 

0 

0 

2 

2 

0 

. 


COMMISSIONS 

0 

J 

0 

0 





0.00 

0.00 0 

. 00 




r 









OVERALL CLASSIFICATION 

ACCURACY 

1.00 


P<ALPHA ERROR) 

> 0.00 


OVERALL MAPPING ACCURACY 

1 . 00 


PtBETA ERROR) 

> 0.00 

t 


» « * « « 


« ♦ * ^ < 
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F rtnvL lit 
GRID 8 

ulTTLETuN 

♦ ♦ ♦ ♦ « 




TEST TYPE; BLOCK COORDINRTE 


ORIGINAL 

PAGE IS 





OF POOR QUALITY 


CONFUSION TABLE 

MAPPED AS 




MAPPING 

CLASS 

RAO 


TOTALS 

OMISSIONS 

ACCURACIES 

T 

R RESIDENTIAL (R> 

e e 

0 

0 

0 0.00 

0.00 

U AGRICULTURE (A> 

e e 

0 

0 

0 0.00 

0.00 

E OTHER (0> 

e e 

I 

1 

0 0.00 

1.00 

TOTALS 

8 8 

1 

1 

0 


COMHISSIONS 

0 e 

0 

0 




0.00 0.00 0 . 

00 




OVERALL CLASSIFICATION ACCURACY 

1.00 


P<ALPHA ERROR) 

■ 0.00 

overall mapping accuracy 

1.00 


P<BETA ERROR) 

> 0.00 


PHASE 

11. 

DENVER 

LITTLETON 

GRID 

9 



TEST 

TYPE: 

BLOCK 

COORDINATE 


CONFUSION TABLE 


MAPPED 

AS 












MAPPING 

CLASS 

R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 







P RESIDENTIAL <R) 

0 

0 

0 

0 

0 

0.00 

0.00 

U AGRICULTURE (A) 

0 

0 

0 

0 

0 

0.00 

0.06 

E OTHER (0) 

1 

0 

1 

2 

1 

.50 

.50 

totals 

1 

0 

1 

2 

1 



COMMISSIONS 

1 

0 

0 

1 





1 . 00 

0.00 

0.00 






OVERALL 

CLASSIFICATION ACCURACY 

.50 

PCALPHA ERROR)* .33 

OVERALL 

MAPPING ACCURACY 

.25 

P<BETA ERROR) • .17 


ft 


I 

I 


n 


L' 





hnnst. lit i*tN«t.K knNwri 

I D 1 

TEST type: diffuse COORDlNftTE 


ORIGINAL PAGE IS 
OF, POOR QUALITY 


CONFUSION TWILE 


HNPPEP HS 


T 

CLASS 


R 

A 

0 

totals 

1 

R 

residential 

tR) 

e 

e 

e 

9 

U 

AGRICULTURE 

<A> 

e 

e 

e 

e 

E 

OTHER 

(0) 

e 

2 

4 

6 


NAPPING 

ON I SSIONS ACCUPACIES 


e e.ee e.eo 

e e.ee e.eo 

2* .33 .67 


TOTALS 


CONNISSIONS 


2 

2 


6 

2 


e.eo i.eo e.ee 


OVEPALL CLASSIFICATION ACCURACY .67 


P*.ALPHA EPPOP>- .33 


OVEPALL NAFPINC ACCURACY .44 


PtBETA ERROR) • .11 


♦•nnst. ll. i^kNVtK hlVjMLHNU KHNLH 

GRID 2 

TEST TYPE: DIFFUSE COORDINATE 


CONFUSION TABLE 


MAPPED AS 


CLASS 


R 

A 

0 

totals 

T 

R RESIDENTIAL 

< R ' 

0 

2 

•Y 

* 

4 

u agriculture 

<A> 

e 

e 

e 

e 

E OTHER 

<0> 

e 

1 

2 

3 

TOTALS 


0 

3 

4 

7 

COMMISSIONS 


e 

3 


5 



e.ee 

1 .00 

.50 


OVERALL CLASSIFICATION 

ACCURACY 

. 29 



OVERALL NAPPING ACCURACY .23 


OMISSIONS 

4 1 . ee 

e e.ee 

1 . 33 

5 


MAPPING 
A CCLIPAC lES 

e.ee 

e.ee 

.40 


PtALPHA ERROR)" .50 
P*.BETA ERROR) ■ .44 



lit i^CNvfch MiUHCHNL KriNLH 

Cl? ID 3 

TEST type: diffuse COORDINATE 



NAPFED AS 


CLASS RAO 
T 

R RESIDENTIAL <R> 000 
U AGRICULTURE (A> 000 
E OTHER <0> C 1 S 


TOTALS 

0 

0 

7 


ORIGINAL ?AGE IS 
OF POOR QUALITY 


O MISSIONS 

0 0.00 

0 0.00 

1 .14 


NAPPING 

ACCURACIES 


0.00 

0.00 

.OS 


TOTALS 

COMMISSIONS 


0 1 S 7 1 

0 10 I 

0.00 1.00 0.00 




OVERALL CLASSIFICATION ACCURACY .OS PiALFMA ERROR)* .33 

OVERALL MAPPING ACCURACY .73 PvPETA ERROR' • .OS 


hrtntt 11. DtnvER hIijMLMNI' K'HNLH 

GRID <4 

TEST type: diffuse COORDINATE 


CONFUSION table 

MAPPED AS 


CLASS 

R 

A 

0 

TOTALS 

T 

R RESIDENTIAL ^R» 

0 

0 

0 

0 

U AGRICULTURE (A) 

0 

4 

0 

4 

E OTHER iO) 

0 

0 

3 

3 

TOTALS 

0 

4 

3 

1 

COMMISSIONS 

0 

0 

0 

0 


0.00 

0.00 

0.00 


overall CLASSIFICATION 

ACCURACY 

1.00 



OMISSIONS 

0 0.00 

0 0.00 

0 e.eo 

0 


MAPPING 
ACCURAC lES 

0.00 
1.00 
1 . 00 


PtALPHA ERROR)* 0.00 


OVERALL MAPPING ACCURACY 


1.00 


P(.PETA ERROR) * 0.00 


377 


11, «-cNyfc.^ Hluni.nNb KhnCn 
GRID S 

TEST TYPE: DIFFUSE COORDINATE ORIGINAL PAGE IS 

OF POOR QUALITY 


CONFUSION TABLE 

HAPPED AS 


CLASS 


R 

A 

0 

TOTALS 

T 

R RESIDENTIAL 

<R) 

0 

0 

0 

0 

U AGRICULTURE 

(A) 

0 

3 

2 

5 

E OTHER 

(0) 

1 

1 

0 

2 

TOTALS 


1 

4 

2 

7 

COMMISSIONS 


1 

1 

2 

4 



1 . 00 

.25 

1.00 



OVERALL CLASSIFICATION ACCURACY .43 
OVERALL MAPPING ACCURACY .29 


OMISSIONS 

e e.00 

2 . .40 

2 1 .00 


HAPPING 

ACCURACIES 

0.00 

.50 

0.00 


4 


PfALPHA ERROR)* .75 
PCEETA ERPOP) » 47 


PHASE II, DENVER HIGHLAND RANCH 
GRID 6 

TEST TYPE: DIFFUSE COORDINATE 


CONF U SION T ABLE 


MAPPED AS 


CLASS R 
T 

R RESIDENTIAL <R^ O 
U AGRICULTURE (A) 0 
E OTHER CO) 0 


A 


0 

4 

0 


0 TOTALS 


0 

2 

1 


0 

6 

1 


OMISSIONS 

0 0.00 

2 . 33 

0 0.00 


MAPPING 

ACCURACIES 

0.00 

.67 

.33 


TOTALS 


COMMISSIONS 


0.00 0.00 


3 

2 

.67 


OVERALL CLASSIFICATION ACCURACY .71 

.52 


PCALPHA ERROR)* .22 
P‘ beta EPPOP' « .11 


OVERALL MAPPING ACCURACY 


f 


378 - 


I 

i 

( 


frinoc Ilf Lt.titLk h I Urif.1* til- F.ii!«.n 
GRID 7 

TEST type: diffuse COORDINATE 


ORfG^fi/AL PAGE f'y 
OF POOR QUALITr 


CONFUSION TABLE 

HAPPED AS 

CLASS RAO 

T 

R RESIDENTIAL (R> 000 

U AGRICULTURE <A> 000 

E OTHER <0> 3 1 4 

TOTALS 314 8 4 

COHHISSIONS 310 4 

1.00 1.00 0.00 


TOTALS 

OHISSIONS 

HAPPING 

ACCURACIES 

0 

0 

0.00 

1 

0.00 

0 

0 

0.00 

0.00 

8 

4 

.50 

.50 


OVERALL CLASSIFICATION ACCURACY .50 PCALPHA ERROR)* .67 

OVERALL HAPPING ACCURACY .25 P<BETA ERROR) ■ .17 


PHASE II, DENVER HIGHLAND RANCH 
GRID 8 

TEST TYPE: DIFFUSE COORDINATE 


CONFUSION TABLE 

HAPPED AS 

CLASS RAO 

T 

R RESIDENTIAL <R) 000 

U AGRICULTURE <A) 000 

E OTHER <0) 1 3 4 


TOTALS 

OHISSIONS 

HAPPING 
ACCURAC IE 

0 

0 

0.00 

0.00 

0 

0 

0.00 

0.00 

8 

4 

.50 

.50 


TOTALS 134 8 4 

COHHISSIONS 130 4 

1.00 1.00 0.00 


OVERALL CLASSIFICATION ACCURACY .50 P<ALPHA ERROR)* .67 


OVERALL HAPPING ACCURACY 


25 


P<BETA ERROR) * .17 


379 


PHR&E II. DENVER HIGHLAND RANCH 
GRID 9 

TEST type: diffuse coordinate 


ORIGINAL PAGE 13 
OF. POOR QUALITY 


confusion table 

MAPPING 
ACCURACIES 

e.ee 
e.ee 
.57 

TOTALS 025 7 3 

COMMISSIONS 021 3 

0.00 1.00 .20 


HAPPED AS 


T 

CLASS 


R 

A 

0 

TOTALS 

OMISSIONS 

1 

R 

RESIDENTIAL 

<R) 

0 

0 

0 

0 

0 

0.00 

U 

AGRICULTURE 

<A) 

0 

0 

1 

1 

1 

1.00 

E 

other 

( 0 ) 

0 

2 

4 

6 

2 

.33 


OVERALL CLASSIFICATION ACCURACY .57 


PvALPHA ERROR)* .40 



OVERALL MAPPING ACCURACY .41 PESETA ERROR) ■ .44 


I 



i •titwk lAf 

CR 1 1> 1 

TEST TYPE: DIPFUSE COORDlNftTE ORIGINAL PAGE 13 

OF POOR QUALITY 


CONFJSION TPiLC 

HftPPED PS 


CLRSS 

R 

R 

0 

TOTRLS 

T 

R RESIDENTIRL <R> 

0 

0 

0 

0 

U RCRICULTURE (R> 

0 

0 

0 

0 

E other (0> 

0 

3 

4 

7 

TOTRLS 

0 

3 

4 

7 

COMMISSIONS 

0 

3 

0 

3 


0.00 

1.00 

0.00 


OVEPRLL CLRSSIFICRTION 

RCCURRCY 

.57 



OVERALL MPFFINC PCCURfiCY .33 


OMISSIONS 

e e.00 

0 0.00 

3 • .43 

3 


MP'*PINC 

fiCCUPRCIES 

0.00 

0.00 

.57 


P<RLPHfi ERROR)- .33 
P<tETH ERROR) • .14 


PHFtSE II, DENVER SRBLE 
GRID 2 

TEST TYPE: DIFFUSE COOFDINRTE 


CONFUSION TRPlE 


MRPPEDflS 


CLRSS 


R 

R 

0 

TOTRLS 

T 

R RESIDENTIRL 

<R> 

6 

0 

0 

0 

U RCRICULTURE 

<fi) 

0 

0 

0 

0 

E OTHER 

<0> 

3 

1 

4 

6 

TOTRLS 


3 

1 

4 

e 

COMMISSIONS 


3 

1 

0 

4 



1 . 00 

1.00 

0.00 



OVEPiiLL CLRSSIFICRTION fiCCURRCY .50 


M8PPINC 

OMISSIONS RCC'JRRC lES 


0 e.or 0.00 

0 0.00 0.00 

4 .50 .50 

4 


PCRLPHR ERROR)- .67 
f I E TP, EP' T'f • « .17 


M . . vf 


• i 


1 


381 


— ‘ ; . . I ‘ 






GRID 3 






TEST TYRE; DIFFUSE 

COORDINATE 



original page 13 






OF POOR QUALITY 


CONFUSION TABLE 




• 



HAPPED 

AS 









HARPING 

CLASS 

R A 

0 

TOTALS 

OMISSIONS ACCURACIES 

T 






R RESIDENTIAL (R> 

e e 

0 

0 

0 0.00 

0.00 

U AGRICULTURE <A> 

e e 

1 

1 

1 1.00 

0.00 

E other <0) 

e e 

5 

5 

0 0.00 

.83 

TOTALS 

e e 

6 

6 

1 


COMMISSIONS 

e e 

1 

1 




0.00 0.00 

. 17 




overall CLASSIFICATION ACCURACY .83 


P<ALPHA ERROR)- 

.06 

OVERALL MARRING ACCURACY 

. 83 


PtBETA ERROR) ■ 

. 33 


PHASE II, DENVER 

bHBLE 





GRID 4 






TEST TYRE: DIFFUSE 

COORDINATE 





CONFUSION TABLE 







MAPPED 

AS 









MAPPING 

CLASS 

R A 

0 

TOTALS 

OMISSIONS ACCURACIES 

T 






R RESIDENTIAL <R> 

0 0 

0 

0 

0 0.00 

0.00 

U AGRICULTURE (A> 

0 0 

0 

0 

0 0.00 

0.00 

E OTHER (0> 

1 0 

6 

7 

1 . 14 

.86 

TOTALS 

1 0 

6 

7 

1 


COMMISSIONS 

1 0 

0 

1 




1.00 0.00 

0.00 




OVERALL CLASSIFICATION ACCURACY .86 


P<ALPHA ERROR)- 

.33 

OVERALL MAPPING ACCURACY 

.73 


P<BETA ERROR) - 
% 

.05 


I 

! 




I 


I 


1 K 


{ 

\ 


i 



11 • I^cnycK 

® ORIGfMAL ’""nr r- 

TEST type: diffuse COORDINATE 

OF POOR QUALITY 

f 

CONFUSION TABLE 

HAPPED AS 

- CLASS RAO 

• T 

R RESIDENTIAL <R> 0 0 3 

U AGRICULTURE <A> 000 

E OTHER (0> 0 0 5 

totals 006 6 3 

f 

CONNlSSIONS 003 3 

0.00 0.00 .38 


TOTALS 

OMISSIONS 

MAPPING 

ACCURACIES 

3 

3 

1.00 

0.00 

0 

0 

0.00 

0.00 

5 

0 

0.00 

.63 


OVERALL CLASSIFICATION ACCURACY .63 PCALPHA ERRORS- .13 

OWPCAI I mopping omiporv . P*» p<’pcTo coDrlP^ « . 


rnnpt li, DtNvtK SmSlL 
GRID 7 

TEST TYPE: DIFFUSE COORDINATE 


i; 


CONFUSION TABLE 

MAPPED AS 


CLASS 


R 

A 

0 

totals 

T 

R RESIDENTIAL 

(R) 

0 

0 

0 

0 

U AGRICULTURE 

(A) 

0 

3 

0 

3 

E OTHER 

<0> 

0 

) 

2 

3 

TOTALS 


0 

4 

2 

6 

COMMISSIONS 


0 

1 

0 

1 


0.00 .25 0.00 


OVERALL CLASSIFICATION ACCURACY .83 


MAPPING 

OMISSIONS ACCURACIES 

0 0.00 0.00 

0 0.00 .75 

1 .33 .67 

1 


PCALPHR ERROR)- .03 


I 


. 72 


nUPPOM MOPPIMG OrC'.IPCN''*’ 


p«'pfTp pppnpN , ^ 1 ; 


FM<^SE II, LENVE*:' SftPLE 

® nPlGlNAL PAGE ** 

TEST type: diffuse COOFDIMRTE « Imiiu ITV 

OF POOR QUALITY 


CONFUSION TADlE 


MMPPED 

ftS 




MAFF INC 

ClhSS 

T 

F 

ft 

0 

totals 

OMISSIONS 

fiCCURAC lES 

1 

ff FESI DENT IFil <F > 

0 

1 

-V 

A 

3 

3' 

1 . 00 

0.00 

U FtiFICULTUFE 

0 

0 

0 

0 

0 

0.00 

0.00 

F OTHEF ^0» 

0 

2 

1 

3 

2 

.67 

.20 

rOTriLS 

0 

3 

3 

6 

■; 



COMMISSIONS 

0 

3 

2 

9 





0.00 

1 . 00 

.67 






O'-EFftLL CwHSS IF ICHT I0f4 ftCCUFFlC'' .17 


F inlF Hh EFFOF ■■ . 


OvEFF-uL fnFFlNC: FtCCUF*CV .10 


F F;ETm EFFOF > ■ .56 


1 


-: 84 - 


► M«^t 11 . t«>l L«» t 

Cii ID 1 

TEiT TSF^E: diffuse COOFDINHTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


C UMF CIS 1 CM T8DLC 


Mt^FFED ft: 


MHFF INC 


f 

CLft$S 

Y 


F 

ft 

0 

TOTftLS 

OMISSIONS 

ftCCEFftC lES 


1 

F FESII'CNT IftL 


0 

1 

4 

? 

■i 

1.00 

0.00 


U ftCFICULTuFE 

ft • 

e 

0 

0 

0 

0 

0.00 

0.00 


E other 

i 0 ' 

0 

0 

1 

1 

0 

0.00 

.20 

f 

T CTRL 8 


0 

1 

■ 

e 

•; 




COMMISSION? 


0 

1 

4 

*, 







0.00 

1 . 00 

. 80 





t 

O'T-FftLL CLft?i lF ICftT ION 

ftCCOFftC '* 

. 17 


Foiw 

FHft EFFOF'* 

• .80 


ni'PCAii MMfFu . r . ftmifi .*'. 


CivrT .:. crcric 




. r 


! * 

< 



I r. 


tl. Lft* E 

CM D ^ 

TEiT T-. FE*. DIFFUSE COOH'lNftTE 


C CNF Of I 0> « t hElE 

NnFFED ft: 


CLftSS 

F 

ft 

0 

TOTftLS 

T 

F FESlLENTIft. a* 

1 

1 

4 

8 

0 ftCF ICI'lTuFE « ft • 

0 

0 

0 

0 

E 01 mEF * 0 • 

0 

0 

1 

1 

TuTHlS 

1 

1 

» 

7 

COMMISSIONS 

0 

1 

4 

V 


0 . OO 

1 . 00 

. 80 



0'‘6FftLL CLfti-S I F 1 f ftT 1 ON ftCCUF'ftr'i .T? 


. 1 


OMliS- iONf 

* .83 

0 0.00 

0 0.00 

J 


FiftLFHft EFFOF>» .80 


MftFF 1 nC 
ftC C OF ftC 1 E8 

. 17 
0.00 
. 20 


^ C 

• AC 




C' EFftLL MftFF ImC ftCCOFftC'i 


F < EETft EFFCK • 


38 S 


I A 1 f t I 

GRIS 3 

TEST TYPE: DIFFUSE TwORDlNfiTE 


ORIGINAL PAGE IS 
OF POOR QUALITY 


CONFUSION TWiLE 





mrpped 

RS 




MRPPING 

CLRSS 

T 


R 

R 

0 

TOTRLS 

OMISSIONS 

RCCURRCIES 

R RESIDENTIRL 

<R) 

0 

0 

2 

2 

2 

1.00 

0.00 

U RGRICULTURE 

(R) 

0 

0 

0 

0 

0 

0.00 

0.00 

E OTHER 

(0) 

0 

0 

2 

2 

0 

0.00 

.50 

TOTRLS 


0 

0 

4 

4 

2 



COMMISSIONS 


0 

0 

2 

2 






0.00 

0.00 

.50 






OVERRLL CLflSSIFlCfiTlON flCCURRCY .50 


PCRLPHR ERROR)- . 17 


OVERRLL MRPPINC RCCURRCY .50 


P<BETfi ERROR) ■ .33 


f-nn»c lit tn»i 4.nrvt 

GRID 4 

TEST TYPE: DIFFUSE COORDINRTE 


CONFUSIO N TRBLE 

NhPPED RS 


CLRSS 

R 

R 

0 

TOTRLS 

T 

R RESIDENTIRL <R) 

0 

0 

0 

0 

U RGRICULTURE <R) 

0 

1 

4 

5 

E OTHER <0) 

0 

0 

0 

0 

TOTRLS 

0 

1 

4 

5 

COMMISSIONS 

0 

0 

4 

4 


0.00 

0.00 

1.00 


OVERRLL CLRSSIFICRTION 

RCCURRCY 

.20 



. 0 '» 


OMISSIONS 

0 0.00 

4 .60 

0 0.00 

4 


MRPPING 

RCCURRCIES 

0.00 

.20 

0.00 


PCRLPHR ERROR)- .33 
P<BETR ERROR) - . 




OVERRLL MRPPING RCCURRCY 


27 



PHRSE II, DENVER ERST LRKE 
GRID S 

TEST TYPE; DIFFUSE COORDINRTE ORIGINAL P4ftr 

OF POOR « 


CONFUSION TRILE 





MAPPED 

AS 




MAPPING 

CLASS 


R 

A 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 

R residential 

<R> 

0 

0 

1 

1 

1 

1.00 

0.00 

U AGRICULTURE 

<A> 

0 

0 

0 

0 

0 , 

0.00 

0.00 

E other 

<0) 

0 

1 

0 

1 

1 ’ 

1.00 

0.00 

totals 


0 

1 

1 

2 

2 



COMMISSIONS 


0 

1 

1 

2 






0.00 

1.00 

1.00 






I 


OVEPRLL CLRSSIFICRTION RCCURRCY 0.00 PCRLPMR ERROR)- .67 

OVERRLL MRPPINC RCCURRCY 0.00 P<BETR ERROR) ■ .67 


r f 11, LcHvtk cnif uiirE 

GRID 6 

TEST TYPE: DIFFUSE COORDINRTE 


r 


r 


K 


CONFUSION TRBLE 


WRPPED RS 


CLASS 


R 

A 

0 

TOTALS 

T 

R RESIDENTIAL 

<R) 

0 

0 

0 

0 

U AGRICULTURE 

<R) 

0 

0 

0 

0 

E OTHER 

(0) 

1 

2 

2 

5 

totals 


1 

2 

2 

5 

COMMISSIONS 


1 

2 

0 

3 


1.00 1.00 0.00 


MRPPINC 

OMISSIONS RCCURRCIES 

0 0.00 0.00 

0 0.00 0.00 

3 .60 .40 


3 



OVERRLL MAPPING RCCURRCY 


16 


P(BETR ERROR) - .20 


387 


f nnvL lit ttH .’EK LlTlLETQti ORIGINAL PAQJ J3 

TEST type: DIFFUSE COORDINRTE ^ POOR QUALITY 


CONFUSION TRBLE 



HRPFED 

RS 




MAPPING 

CLRSS 

T 


R 

R 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

T 

R residential 

<R> 

0 

1 

0 

1 

1 

1.00 

0.00 

U RGFICULTURE 

(R> 

0 

0 

0 

0 

0 ‘ 

0.00 

0.00 

E OTHER 

(0> 

0 

0 

0 

0 

0 

0.00 

0.00 

totals 


0 

1 

0 

1 

1 



COrtfl Its IONS 


0 

1 

0 

1 





e.ee i.ee e.ee 


OVERRLL CLRSSIFICRTION RCCURRCY 0.00 
OV^ERRLL nRPPINC RCCURRCY 0.00 


P<RLPHM ERROR)- .33 
PCBETR ERROR) ■ .33 


Pnn#t il, LlTTt.L'ioli 

GRID 2 

TEST TYPE: DIFFUSE COORDINRTE 


COUFUSIOH TRBLE 





MAPPED RS 




MAPPING 

CLASS 

T 


R 

R 

0 

TOTALS 

OMISSIONS 

ACCURACIES 

R RESIDENTIAL 

<R) 

0 

2 

1 

3 

3 1.00 

0.00 

U AGRICULTURE 

<A> 

0 

0 

0 

0 

0 0.00 

0.00 

E OTHER 

<0> 

0 

0 

2 

2 

0 0.00 

.67 

TOTALS 


0 

2 

3 

5 

3 


COMMISSIONS 


0 

2 

1 

3 





0.00 

1.00 

.33 




OVERALL CLASSIFICATION 

ACCURACY 

.40 


PCALPHA ERROR) 

« .44 

OVERRLL MAPPING 

ACCURACY 

.40 


P<BFTR ERROR) 

« . 3? 



f 


f 


iSB- 


• • . . , I'l »• i *■ c : T • .t ' Ji. 

CI»IP 9 

TEST TV^'l; DIEFUSI COORDINATE ODt/M.,.. 

URIGfNAL PAGE IS 

• OF POOR QUALITY 


CONFUSION table 


NAPPED 

AS 




% 








NAPPING 

CLASS 

j 

R 

A 

0 

totals 

ONISSIONS 

ACCURACIES 

R RESIDENTIAL (R> 

0 

0 

0 

0 

0 

0.00 

0.00 

U AGRICULTURE <A> 

0 

0 

0 

0 

0 

0.00 

0.00 

E other (Ot 

0 

0 

1 

1 

0 

e.eo 

1.00 

totals 

0 

0 

1 

1 

0 



COANISSIONS 

0 

0 

0 

0 





0.00 e.ee e.oe 


overall classification accuracv l.OP 
overall MAFFINC accuracv 1.00 


FiALFHA ERRORS* 0.00 
FvSETA ERROR) • 0.00 


f 


PHASE II, DENVER LITTLETON 
GRID ? 

TEST tyfe: diffuse coordinate 


CONFUS I ON TADLE 

NAFFEP AS 


CLASS 


R 

A 

T 

R RESIDENTIAL 

vR > 

0 

1 

U AGRICULTURE 

i A' 

0 

0 

E OTHER 

iO> 

0 

0 

totals 


0 

1 

CONNISSIONS 


0 

1 


0.00 1.00 0 

OVERALL CLASSIFICATION ACCURACY 
ovf ( MAe-pjNr, arriiFACY 


NAFPINC 

TOTALS OHISSIONf . AC CURACIES 


0 

1 

1 1.00 

0.00 

0 

0 

0 0.00 

0.00 

0 

0 

0 0.00 

0.00 

0 

1 

1 


0 

1 



00 




0.00 


FiALPHA ERROR)- 

. 33 

0. 00 


•* rr’A EFFpc • 

- - 



f 


-3S9- 


ORIGINAL PAGE IS 
OF POOR QUALITY 


W ftPPEP WS 

CLWSS PRO 

T 

P PESIOENTIRL <P> e 0 0 

U RGPICULTURE (R> 0 0 0 

E OTHEP <0> 0 1 1 

TOTRLS 01121 

C OHHISSIONS 010 1 

0.00 1.00 0.00 

OVEPRLL CLRSSIFICRTIOM RCCUPRCY .50 P<RLPMR EPPOP>» .33 

OVEPRLL MRPPINC RCCUPRCY .25 PvBETH EPROP> ■ .17 

■ 

I 


TOTALS 

OMISSIONS 

MAPPING 

ACCURACIES 

0 

0 

0.00 

0.00 

0 

0 

0.00 

0.00 

2 

1 ’ 

.50 

.50 


Fru..t 11, LEir.LF LlTTLETOh 
CP IP 6 

TEST type: diffuse COOROINRTE 


CONFUSION T^ 


PHhSE 11, DENVER LITTLETON | 
GRID 9 r j 
TEST TYPE: DIFFUSE COORDINATE I 

1 


CONFUSION TABLE 

MAPPED RS 

CLASS R R 0 TOTRl.S OMISSIONS 

T 

R RESIDENTIAL (R> 0 0 O 0 0 0.00 

U AGRICULTURE (R> 000 0 0 0.00 

E OTHER (0> 101 2 1 .50 

totals 101 2 1 

COMMISSIONS 100 1 

1.00 0.00 0.00 


OVERALL CLASSIFICATION ACCURACY . 50 P<ALPHA ERROR'- .33 


MAPPING 

ACCURACIES 

0.00 

0.00 

.50 . ^ I 


1 


OVERALL MAPPING ACCURACY 


25 


PtBETA ERROR) - .17 



